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This is а publication of the National Соорег- 
ative Soil Survey, a joint effort of the United 
States Department of Agriculture and agencies 
of the States, usually the Agricultural Experi- 
ment Stations. In some surveys, other Federal 
and local agencies also contribute. The Soil 
Conservation Service has leadership for the 
Federal part of the National Cooperative Soil 
Survey. 

Major fieldwork for this soil survey was com- 
pleted in the period 1965-70. Soil names and 
descriptions were approved in 19 Unless 
otherwise indicated, statements in the publica- 
tion refer to conditions in the county in 1970. 
This survey was made cooperatively by the Soil 
Conservation Service, the Iowa Agriculture and 


Home Economics Experiment Station and the 
Cooperative Extension Service, Тома State Uni- 
versity; and the Department of Soil Conserva- 
tion, State of Iowa. It is part of the technical 
assistance furnished to the Plymouth County 

il Conservation District. Funds appropriated 
by Plymouth County were used to defray part 
of the cost of this survey. 

Soil maps in this survey may be copied with- 
out permission, but any enlargement of these 
maps could cause misunderstanding of the de- 
tail of mapping and result in erroneous inter- 
pretations. Enlarged maps do not show small 
areas of contrasting soils that could have been 
shown at a larger mapping scale. 


HOW TO USE THIS SOIL SURVEY 


HIS SOIL SURVEY contains infor- 

mation that can be applied in man- 
aging farms and woodlands; in selecting 
sites for roads, ponds, buildings, and 
other structures; and in judging the 
suitability of tracts of land for farm- 
ing, industry, and recreation. 


Locating Soils 


All of the soils of Plymouth County 
are shown on the detailed map at the 
back of this publication. This map con- 
sists of many sheets made from aerial 
photographs. Each sheet is numbered 
to correspond with a number on the 
Index to Map Sheets. 

On each sheet of the detailed map, 
soil areas are outlined and are identified 
by symbols. All areas marked with the 
same symbol are the same kind of soil. 
The soil symbol is inside the area if 
there is enough room; otherwise, it is 
outside and a pointer shows where the 
symbol belongs. 


Finding and Using Information 


The “Guide to Mapping Units" can 
be used to find information. This guide 
lists all the soils of the county in nu- 
merical order by map symbol and gives 
the capability classification of each. It 
also shows the page where each soil is 
described and the page for the capabil- 
ity unit in which the soil has been 
placed. 

Individual colored maps showing the 
relative suitability or degree of limita- 
tion of soils for many specific purposes 
can be developed by using the soil map 
and information in the text. Translucent 
material can be used as an overlay over 
the soil map and colored to show soils 
that have the same limitation or suit- 


ability. For example, soils that have a 
slight limitation for a given use can be 
colored green, those with a moderate 
limitation can be colored yellow, and 
those with a severe limitation can be 
colored red. 

Farmers and those who work with 
farmers can learn about use and man- 
agement of the soils in the soil descrip- 


tions and in the discussions of the 
capability units. 
Game managers, sportsmen, and 


others can find information about soils 
and wildlife in the section “Wildlife.” 

Community planners and others con- 
cerned with suburban development can 
read about the soil properties that affect 
the choice of homesites, industrial sites, 
schools, and parks in the sections “En- 
gineering Uses of the Soils” and “Recre- 
ation.” 

Engineers and builders will find, un- 
der “Engineering Uses of the Soils,” 
tables that give engineering descriptions 
of the soils in the county and that name 
soil features that affect engineering 
practices and structures. 

Scientists and others can read about 
how the soils were formed and how they 
are classified in the section “Formation 
and Classification of the Soils.” 

Students, teachers, and others will 
find information about soils and their 
management in various parts of the 
text. 

Newcomers in Plymouth County may 
be especially interested in the section 
“General Soil Map,” where broad pat- 
terns of soils are described. They may 
also be interested in the section “Addi- 
tional Information About the County,” 
which briefly discusses history, drain- 
age and relief, cultural features, trends 
in farming, and climate. 


Cover: Typical landscape in Ida-Monona association. Ida 


and Monona soils are on the hillsides; Kennebec, McPaul, 
Napier, and Castana soils are in the valley. 
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por COUNTY is in the northwestern part 
of Iowa (fig. 1). Its total area is about 552,320 acres, 


MASON CITY, 


155 | MILES 


DUBUQUE 


COUNCIL ree 


| 


FT MADISON 


* State Agricultural Experiment Station 
Figure 了 .一 Location of Plymouth County in Iowa. 


or 863 square miles. The county seat is Le Mars, which 
has a population of about 7,800. 

Most of the county is in farms. The average farm 
size is 257 acres. Corn is the major crop, but soybeans, 
oats, hay, and pasture are also important. Plymouth 
County is one of the leading counties in the country in 
the production of hogs and feeder cattle for market. 

The climate is subhumid and continental. The grow- 
ing season is long enough for all commonly grown crops 
to mature. Inadequate moisture reduces yields in many 
years, but not to the point that irrigation has become a 
common practice. 


How This Survey Was Made 


Soil scientists made this survey to learn what kinds 
of soil are in Plymouth County, where they are located, 
and how they can be used. They went into the county 
knowing they likely would find many soils they had 
already seen and perhaps some they had not. As they 
traveled over the county, they observed steepness, 
length, and shape of slopes, size of streams, kinds of 
native plants or crops, kinds of rock, and many facts 


about the soils. They dug or bored many holes to ex- 
pose soil profiles. A profile is the sequence of natural 
layers, or horizons, in a soil; it extends from the sur- 
face down to the parent material that has not been 
сше much by leaching or by the action of plant 
roots, 

The soil scientists made comparisons among the 
profiles they studied, and they compared these profiles 
with those in counties nearby and in places more dis- 
tant. They classified and named the soils according to 
nationwide, uniform procedures. The soil series and 
the soil phase are câtegories of soil classification most 
used in а local survey (16) 2 

Soils that have profiles almost alike make up a soil 
series. Except for different texture in the surface 
layer, all the soils of one series have major horizons 
that are similar in thickness, arrangement, and other 
important characteristics. Each soil series is named 
for a town or other geographic feature near the place 
where a soil of that series was first observed and 
mapped. Galva and Ida, for example, are the names of 
two soil series. АП of the soils in the United States 
having the same series name are essentially alike in 
natural characteristics. 

Soils of one series vary in texture of the surface 
layer, slope, degree of erosion, number and size of 
stones, or some other feature that affects use of the 
soils by man. On the basis of such differences, soil series 
are divided into soil phases. The name of a soil phase 
indicates a feature that affects management. For ex- 
ample, Galva silty clay loam, 2 to 5 percent slopes, is 
one of several phases in the Galva series. 

After a fairly detailed guide for classifying and nam- 
ing the soils had been worked out, the soil scientists 
drew soil boundaries on aerial photographs. They used 
photos for their base map because they show buildings, 
field borders, trees, and similar details that greatly 
help in drawing boundaries accurately. The soil map at 
the back of this report was prepared from aerial photo- 
graphs. 

The areas shown on a soil map are called mapping 
units. On most maps detailed enough to be useful іп 
planning the management of farms and fields, a map- 
ping unit is nearly equivalent to a soil phase. It is not 
exactly equivalent, because it is not practical to show 


1 Others who participated in the fieldwork of the soil survey 
were BENNIE CLARKS, JR., ELLIOTT FAISON, JR. LAURENCE T. 
HANSON, DENNIS SHANNON, ALLEN E. TIARKS, JIMMY L. WASH- 
INGTON, and NEAL D. WILLIAMSON, Soil Conservation Service. 

? Italic numbers in parentheses refer to Literature Cited, p. 74. 
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on such а map all the small, scattered bits of soil of 
some kind that have been seen within an area that is 
dominantly of a recognized soil phase. 

Some mapping units are made up of soils of different 
series, or of different phases within one series. One 
such kind of mapping unit is shown on the soil map of 
Plymouth County, the soil complex. 

А soil complex consists of areas of two or more soils, 
so intricately mixed or so small in size that they cannot 
be shown separately on the soil map. Each area of a 
complex contains some of each of the two or more dom- 
inant soils, and the pattern and relative proportions 
are about the same in all areas. Generally, the name of 
a soil complex consists of the names of the dominant 
soils, joined by a hyphen. Napier-Castana silt loams, 9 
to 14 percent slopes, is an example. 

In most areas surveyed there are places where the 
soil material is so rocky, so shallow, so severely eroded, 
or so variable that it has not been classified by soil 
series. These places are shown on the soil map and are 
described in the survey, but they are called land types 
and are given descriptive names. Rough broken land is 
a land type in this county. 

While a soil survey is in progress, soil scientists take 
soil samples needed for laboratory measurements and 
for engineering tests. Laboratory data from the same 
kind of soil in other places are also assembled. Data on 
yields of crops under defined practices are assembled 
from farm records and from field or plot experiments 
on the same kind of soil. Yields under defined manage- 
ment are estimated for all the soils. 

Soil scientists observe how soils behave when used 
as a growing place for native and cultivated plants, 
and as material for structures, foundations for struc- 
tures, or covering for structures. They relate this 
behavior to properties of the soils. For example, they 
observe that filter fields for onsite disposal of sewage 
fail on a given kind of soil, and they relate this to the 
slow permeability of the soil or a high water table. They 
see that streets, road pavements, and foundations for 
houses are cracked on а named kind of soil, and they 
relate this failure to the high shrink-swell potential of 
the soil material. Thus, they use observation and know]- 
edge of soil properties, together with available research 
data, to predict limitations or suitability of soils for 
present and potential uses. 

After data have been collected and tested for the key, 
or benchmark, soils in a survey area, the soil scientists 
set up trial groups of soils. They test these groups by 
further study and by consultation with farmers, agron- 
omists, engineers, and others. They then adjust the 
groups according to the results of their studies and 
consultation. Thus, the groups that are finally evolved 
reflect up-to-date knowledge of the soils and their 
behavior under current methods of use and manage- 
ment. 


General Soil Map 


The general soil map at the back of this survey shows, 
in color, the soil associations in Plymouth County. А 
soil association is a landscape that has а distinctive 
proportional pattern of soils. It normally consists of one 
or more major soils and at least one minor soil, and it 


is named for the major soils. The soils in one associa- 
tion may occur in another, but in a different pattern. 

А map showing soil associations is useful to people 
who want a general idea of the soils in а county, who 
want to compare different parts of а county, or who 
want to know the location of large tracts that are 
suitable for a certain kind of farming or other land 
use. Such a map is not suitable for planning the man- 
agement of a farm or field, because the soils in any one 
association ordinarily differ in slope, depth, drainage, 
and other characteristics that affect their management. 

The six soil associations in Plymouth County are 
described in the following pages. 


1. Kennebec-Radford-Colo association 


Nearly level and gently sloping silty soils that are 
moderately well drained to poorly drained 


This association is in the larger valleys of the county. 
The valleys are about 1/4 to 1 mile wide. The associa- 
tion is made up mainly of nearly level soils on flood 
plains. It also consists of some nearly level and gently 
sloping soils on stream benches, mainly in the Big Sioux 
River Valley. Gently sloping soils on foot slopes along 
the edges of the valleys are also in this association. 

This association occupies about 12 percent of the 
county. Kennebec soils make up about 28 percent of 
the association, Radford soils about 20 percent, Colo 
soils 19 percent, McPaul soils 16 percent, and Calco 
soils 6 percent. The remaining 11 percent is other 
minor soils. 

Kennebec soils are deep, moderately well drained, 
and nearly level and gently sloping. The nearly level 
areas occupy intermediate positions on flood plains, and 
the gently sloping areas are on foot slopes along the 
edges of valleys, The surface layer is silt loam or silty 
clay loam that is slightly acid or neutral. In places cal- 
careous silt loam overwash overlies the surface layer. 

Radford soils are nearly level and gently sloping, 
deep, and somewhat poorly drained. The nearly level 
areas are on flood plains, and the gently sloping areas 
are on foot slopes. The surface layer is silty clay loam 
that is slightly acid or neutral. 

Colo soils are nearly level, deep, and poorly drained. 
They occupy intermediate and low positions on flood 
plains. The surface layer is silty clay loam that is 
slightly acid or neutral. In a few places calcareous silt 
loam overwash overlies the surface layer. 

McPaul soils are nearly level to gently sloping, deep, 
and well drained to moderately well drained. The nearly 
level areas are on flood plains, and the gently sloping 
areas are on foot slopes. The surface layer is calcareous 
silt loam that is mildly alkaline. 

Calco soils are nearly level, deep, and poorly drained. 
They are on flood plains. The surface layer is caleareous 
silty clay loam that is moderately alkaline. 

The minor soils in this association range from sandy, 
droughty soils on benches to clayey, poorly drained 
soils on bottom lands. 

This association is used mainly for crops. Corn and 
soybeans are the chief crops. Some areas that are sub- 
ject to frequent flooding or that are wet are used for 
pasture, Many large cattle-feeding enterprises are on 
farms that are partly in this association and partly in 
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Figure 2.--Туріса! area of Galva-Ida association іп eastern part of Plymouth County. Dominant soil is Galva silty clay loam, 5 to 9 
percent slopes, moderately eroded. 


other associations that border the stream valleys. Rais- 
ing hogs is also an important enterprise. Most of the 
gravel pits in the county are in this association. In 
places stands of trees grow along the streams. 

Other areas in this association have a potential for 
row crops. The use of large acreages for this purpose, 
however, would require extensive flood-control and 
drainage projects. Many of the soils are well suited to 
irrigation, but this practice is used only to a minor 
extent. Improved management practices could increase 
pasture production, especially in bluegrass pastures and 
in places where trees are in the pastures. Some wooded 
areas, particularly those in which farm machinery can- 
not be used, have value for producing commercial wood 
products. 

Most towns are partly in this association. Paved 
roads follow the streams in the larger valleys. In the 
smaller valleys the roads follow the regular pattern in 
the county and are on section lines. Most have a gravel 
surface. 


2. Ida-Galva association 


Gently sloping to very steep silty soils that are well 
drained 


This association typically has gently sloping or mod- 
erately sloping, rounded ridgetops and strongly sloping 


hillsides. The ridgetops are 300 to 600 feet wide. On 
the hillsides are numerous drainageways, most of which 
are crossable with farm machinery. The valleys nor- 
mally are gently sloping and are about 200 to 300 feet 
wide. The drainageways in the valleys are generally 
crossable or are shallow enough that it is practical to 
work them and to make grass waterways. The associa- 
tion is more sloping in the western part than in the 
eastern part. 

This association occupies about 7 percent of the 
county. Еда soils make up about 40 percent of the 
association, and Galva soils about 39 percent. Minor 
soils on bottom lands and foot slopes make up about 21 
percent. Some small areas of soils that formed in 
glacial drift are on hillsides. Most areas are only an 
acre or two in size, and the total acreage is less than 1 
percent of the association. 

Ida soils formed in loess and are deep and well 
drained. They are on narrow, convex ridgetops and 
on hillsides. T'hey make up a larger part of the south- 
and west-facing slopes than of the north- and east- 
facing slopes. The surface layer is calcareous silt loam 
that is moderately alkaline. 

Galva soils also formed in loess and are deep and well 
drained. They are on the broader ridgetops and are 
intermingled with Ida soils on hillsides. The surface 
layer is silty clay loam that is slightly acid. 
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Figure 3.—Typical pattern of soils and underlying material in Galva-Ida association. 


Among the minor soils in this association are Kenne- 
bee, McPaul, and Radford soils. These soils are in 
valleys. Тћеу formed in sediment derived from the loess 
on hillsides. They are deep and somewhat poorly drained 
to well drained. The surface layer is silt loam or silty 
clay loam that is slightly acid, neutral, or mildly alka- 

ine. 

This association is used mainly for erops. Corn and 
soybeans are the chief erops, but a fair amount of oats 
and hay is also grown. Much of the corn is fed on 
farms to hogs and cattle being fattened for market. 

Erosion is а serious hazard on soils of this associa- 
tion. The soils also tend to be slightly droughty because 
runoff is more rapid than in much of the rest of the 
county. In addition, this association is in the western 
part, where rainfall is less. 

This area has potential for more livestock enter- 
prises, especially on farms that are partly in the valleys 
of association 1 and partly in this association. Most of 
these soils are well suited to hay and pasture. The soils 
in the valleys are well suited to row crops. 

In this association gravel roads are on most section 
lines. Some roads that no longer pass farmsteads have 
been abandoned. 


3.  Galva-Ida association 


Nearly level to strongly sloping silty soils that are well 
drained 


This association has gently sloping, rounded ridge- 
tops. The ridgetops typically are about 400 to 500 feet 
wide, but some are as wide as 1,200 to 1,400 feet. Most 


hillsides are moderately sloping, but some are strongly 
sloping. Hillside drainageways are widely spaced and 
are generally erossable with farm machinery. Most val- 
leys are 200 to 400 feet wide. The upper reaches have 
waterways where water runs briefly after rains, and 
they can be crossed with farm machinery. Generally, 
within about one-half mile of their upper point, the 
drainageways are not crossable. At this point, they 
have cut channels, or they are grassed waterways that 
are too wet most of the time to be crossed with farm 
machinery. In the widest valleys are nearly level and 
gently sloping stream benches that are 5 to 15 feet 
above the flood plain. 

This association occupies about 29 percent of the 
county. Galva soils make up about 77 percent of the 
association (fig. 2, p. 3), and Ida soils about 14 percent. 
Тһе remaining 9 percent is minor soils. 

Galva soils formed in loess and are deep and well 
drained. They are on nearly 100 percent of the ridge- 
tops and stream benches, on а very large part of the 
moderately sloping hillsides, and on about half of the 
strongly sloping hillsides (fig. 3). The surface layer is 
silty clay loam that is slightly acid. 

Ida soils also formed in loess and are deep and well 
drained. They are on about half of the strongly sloping 
hillsides and are on à small proportion of the moder- 
ately sloping hillsides. The surface layer is ealcareous 
silt loam that is moderately alkaline. 

Among the minor soils in this association are Rad- 
ford, Primghar, Colo, Kennebec, and Steinauer soils. 
Radford soils are dominant in valleys. Primghar soils 
occupy the upper reaches of many valleys and are in 
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Figure 4.—Typical pattern of soils and parent material in Ida-Hamburg association. 


slight depressions on some stream benches. Radford 
and Primghar soils are deep and somewhat poorly 
drained. The surface layer is silty clay loam that is 
neutral or slightly acid. Colo and Kennebec soils are 
also in valleys. Steinauer soils are in а few small areas 
on hillsides. They formed in glacial till. 

This association is used mainly for crops. Corn and 
soybeans are the chief crops, but oats and hay are also 
important. Livestock production is à major source of 
income, and most of the locally grown corn is fed to 
the livestock, Many, small, narrow bluegrass pastures 
are in the valleys. Most of the pastures include small 
parts of the adjoining hillsides. 

Galva and Ida soils and some minor soils are subject 
to erosion. If these soils are used for crops and erosion 
is eontrolled, soil and water losses are excessive. In 
many valleys, a line of tile has been installed to prevent 
delays in field operations. 

The acreage of row crops in this association сап be 
increased if adequate erosion control methods are ар- 
plied. This association is well suited to livestock produc- 
tion, and a potential exists to increase this enterprise. 

This association has a network of gravel roads on 
most section lines. Several paved roads cross this as- 
sociation on section lines. 


4. Ida-Hamburg association 


Moderately sloping to very steep silty soils that are 
well drained and somewhat excessively drained 


This association has moderately sloping and strongly 
sloping ridgetops that are about 200 to 300 feet wide. 
The hillsides are moderately steep to very steep. Typi- 
cally, in the center of the valleys is a large gully 20 to 
40 feet wide and 20 to 40 feet deep that has vertical 
sides. A small band of gently sloping soils is on each 
side of the gully. Foot slopes along the edges of the 
valley are moderately sloping to moderately steep. 

This association occupies about 5 percent of the 
county. Ida soils make up about 55 percent of the asso- 
ciation, and Hamburg soils about 12 percent. The other 
38 percent of the association is Monona soils on up- 
lands and other soils in valleys. Also included are areas 
of Steep rock land and Rough broken land. 

Ida soils formed in loess and are deep and well 
drained, They occupy a large part of the ridgetops and 
the strongly sloping to steep hillsides (fig. 4). The sur- 
face layer is calcareous silt loam that is moderately 
alkaline. 

Hamburg soils also formed in loess, and they are 
deep and somewhat excessively drained. They are on 
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Figure 5.--Агеа of Ida-Hamburg association. Hillsides are mainly Ida soils, and valleys are Kennebec and McPaul soils. Many roads 
follow valleys or ridgetops in this association. 


very steep hillsides. The surface layer is calcareous 
silt loam that is moderately alkaline. These soils have 
a characteristic, stairstep pattern. These "'catsteps" 
are caused by downhill slumping of sections of the soil. 

Monona soils formed in loess and are intermingled 
with Ida soils on the uplands. Other minor soils in this 
association are Castana, Napier, Kennebec, and Mc- 
Paul soils. These deep soils are in valleys. The surface 
layer is silt loam. Steep rock land and Rough broken 
land include areas of rock outcrop. 

This association is used mainly for pasture. The only 
areas suited to row crops are the wider ridgetops and 
valleys. A few hillsides are planted to row crops, but 
they are better suited to hay or pasture. Trees are 
growing in many places, but few are harvested for 
commercial products. 

The soils in this association are very susceptible to 
erosion. The soils on uplands are somewhat droughty, 
because runoff is rapid, The soils in valleys receive a 
great deal of sediment from the uplands. Runoff from 
the uplands also adds to the problem of controlling the 
formation of gullies in most valleys. 

Production of hay and pasture can be increased with 
increased management for that purpose. This associa- 
tion is an excellent area for recreation. Deer and other 
wildlife are abundant. The watershed approach to 
conservation enhances the value for recreation as an 


increasing number of reservoirs are built. Some of the 
less accessible areas in valleys are suited to trees, such 
as black walnut. 

This association has fewer roads than the other as- 
sociations in the county. Roads generally follow ridge- 
tops and valleys (fig. 5). Most have a gravel surface. 


5. Ida-Monona association 


Gently sloping to steep silty soils that are well drained 


This association has gently sloping or moderately 
sloping, rounded ridgetops that are about 300 feet wide. 
The hillsides are strongly sloping to steep. Many have 
numerous, small drainageways, most of which are 
erossable with farm machinery. Most of the valleys are 
about 300 to 500 feet wide and are gently sloping to 
moderately sloping. 

This association occupies about 16 percent of the 
county. Ida soils make up about 51 percent of the asso- 
eiation, and Monona soils about 25 percent. The other 
24 percent is mainly soils in the valleys. 

Ida soils formed in loess and are deep and well 
drained. They are intermingled with Monona soils on 
ridgetops and hillsides (fig. 6). They are in positions 
where runoff is more rapid than on Monona soils; for 
example, narrow rounded ridgetops and steep hillsides. 
The surface layer is calcareous silt loam that is mod- 
erately alkaline. 
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Figure 6.—Typical pattern of soils and parent material in Ida-Monona association. 


Мопопа soils also formed in loess and are deep and 
well drained. They dominate the broad, gently sloping 
ridgetops and commoniy occur on moderately sloping 
hillsides. Their extent decreases with increasing slope. 
The surface layer is silt loam that is slightly acid. 

Among the minor soils in this association are Ken- 
nebec, Steinauer, McPaul, Napier, and Castana soils. 
À few small areas of Steinauer soils, which formed in 
glacial till, are on hillsides. The other soils are in val- 
leys and on foot slopes. АП are deep. In all but Steinauer 
soils, the surface layer is silt loam. 

This association is used mainly for crops, although 
some areas too steep for the use of farm machinery are 
in pasture. Many areas of moderately steep and steep 
soils are used mainly for hay or pasture and are plowed 
only at fairly long intervals. Livestock production is an 
important source of income. Trees are in some valleys 
and оп а few steep hillsides, but little marketable 
timber is produced. 

The soils in this association are very susceptible to 
erosion. Most are suited to row crops only if sub- 


stantial erosion-control measures are used. Also, con- 
troling runoff is important in retaining adequate 
moisture for crop production. 

In this association the use of terraces and other 
erosion-control practices is increasing. These practices 
enable the inclusion of more row crops in the cropping 
system. Alternately, more emphasis on high-level man- 
agement of meadows for hay and pasture will make 
those uses more competitive with row crops. Thus, the 
farm operator has more flexibility in his management 
decisions. 

Deer and other wildlife are abundant in this associa- 
tion. Also, the number of small reservoirs is increasing, 
and recreation activities can be expected to increase. 
Because Sioux City is near much of this association, 
some residential subdivisions have been established. 
More will probably be built in the future. 

Roads in this association are on all but 10 percent 
of the section lines. Some follow ridges and valleys. 
Most have a gravel surface. 
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Figure 7.—Typical pattern of soils and parent material in Galva association, 


6. Саша association 


Nearly level to moderately sloping, silty soils that are 
well drained. 


This association has broad, nearly straight or slightly 
rounded, gently sloping ridgetops and generally mod- 
erately sloping hillsides. However, part of the associa- 
tion has a gently undulating landscape in which the 
ridgetops and hillsides are gently sloping and the val- 
leys are nearly level to gently sloping. The valleys 
typically are 200 to 400 feet wide. A number of stream 
benches extend along the streams. They are nearly level 
and gently sloping. 

This association oceupies about 31 percent of the 
county. Galva soils make up about 88 percent of the 
association. The soils in the valleys make up most of 
the other 17 percent. 

Galva soils formed in loess and are deep. They occur 
on almost all uplands and stream benches (fig. 7). The 
surface layer is silty clay loam that is slightly acid. 

Among the minor soils in this association are Prim- 
ghar, Steinauer, Wadena, Radford, Colo, and Calco 
soils. Radford, Colo, and Calco soils formed in alluvium 
and are the major soils in valleys. All are deep and 
have a surface layer of silty clay loam. Primghar soils 
are in the upper reaches of drainageways and in slight 
depressions on stream benches. They formed in loess, 
but in most places have sediment on the surface. They 
are somewhat poorly drained, and the surface layer is 
slightly acid. Steinauer soils formed in glacial till and 
are in à few small areas on uplands. Wadena soils 


formed partly in glacial outwash and are intermingled 
with Galva soils on escarpments of some stream 
benches. 

This association is used mainly for row crops. Some 
oats and hay also are grown. А considerable number 
of livestock are grown and fed for market. Most 
permanent pasture is in bluegrass. Many pastures are 
small and narrow and straddle drainageways. 

The soils on uplands are subject to erosion, but in 
most places the erosion hazard is only slight or mod- 
erate. The relief is such that conservation practices 
fit well in the landscape without causing excessive short 
rows or other undesirable situations. The soils in val- 
leys are somewhat poorly drained or poorly drained. 
A line of tile generally is installed, especially where 
these soils are farmed with soils on adjoining hillsides. 

This association can be expected to continue as a 
prime area for row crops. It is very well suited to 
that use. 

This association has almost a complete network of 
roads on section lines. Almost all are paved or have а 
gravel surface. 


Descriptions of the Soils 


This section describes the soil series and mapping 
units of Plymouth County. The acreage and propor- 
tionate extent of each mapping unit are given in table 


"The procedure is first to describe the soil series and 
then the mapping units in that series. Thus, to get full 
information on any one mapping unit, it is necessary to 
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TABLE 1.—Approximate acreage and proportionate extent of the soils 


Soil Acres | Percent Soil Acres | Percent 
Albaton silty clay, 0 to 1 percent slopes ______ 320 0.1 | Kennebec-McPaul silt loams, 2 to 5 percent 
Calco silty clay loam, 0 to 2 percent slopes ___| 4,720 9| slopes а-а 8,015 15 
Castana loam, 9 to 14 percent slopes سب‎ 275 Q») Luton silty clay, 0 to 1 percent slopes _____- 980 2 
Castana silt loam, 14 to 30 percent slopes ----| 1,260 .2 | МеРаш silt loam, 0 to 2 percent slopes _____- 9,490 1.7 
Castana-Gullied land complex, 9 to 14 percent McPaul-Kennebec silt loams, 2 to 5 percent 
slopes ----------------------------------- 815 A| slopes ~—----~---—-----------—------—-—-—---—- 16,000 29 
Colo silt loam, calcareous overwash, 0 to 2 Modale silt loam, dark subsoil variant, 0 to 
percent slopes ---------------------------- 885 2| 2 percent slopes __________________------- 265 е) 
Colo silty clay loam, 0 to 2 percent slopes ____| 13,180 2.4 | Monona silt loam, 2 to 5 percent slopes _____- 3,200 .6 
Diekman fine sandy loam, 2 to 9 percent Monona silt loam, 5 to 9 percent slopes, mod- 
slopes _.___-----_--_--_------------------ 710 | erately eroded _______________________---- 10,175 1.8 
Galva silty clay loam, 2 to 5 percent slopes ___| 116,285 21.1 | Monona silt loam, 9 to 14 percent slopes, mod- 
Galva silty clay loam, 5 to 9 percent slopes, erately eroded == 2 سا سا سم ساب‎ 7,470 1.4 
moderately eroded _______----------------- 124,585 22.6| Monona silt loam, 14 to 20 percent slopes, 
Galva silty clay loam, 9 to 14 percent slopes, moderately eroded ____________-_--------- 1,005 2 
moderately eroded ____-__-___-------------- 10,775 2.0 || Monona silt loam, benches, 2 to 5 percent 
Galva silty clay loam, benches, 0 to 2 percent slopes REN 1,465 .3 
slopes ____ LLL ساب‎ LLL LLL ccce نما سا مات‎ cec ce 5,005 9 | Napier silt loam, 5 to 9 percent slopes _____- 5,840 11 
Galva silty clay loam, benches, 2 to 5 percent Napier-Castana silt loams, 9 to 14 percent 
slopes ------.----.------------------------ 23,165 4.2 | slopes --.-------------------------------- 4,645 8 
Galva-Wadena complex, 5 to 14 percent slopes, Napier-Gullied land complex, 2 to 10 percent 
moderately eroded |... سا اب سا باب بسا ساب‎ 1,100 21 slopes ____ 2 22 855 41 
Graceville silt loam, 0 to 2 percent slopes ____ 630 Л | Omadi silt loam, 0 to 2 percent slopes _______ 785 1 
Graceville silt loam, 2 to 5 percent slopes ---- 230 Q) Omadi-Alluvial land complex, 0 to 2 percent 
Hamburg silt loam, 30 to 75 percent slopes ____| 2,945 .5| slopes ااا‎ 1,765 .3 
Ida silt loam, 2 to 5 percent slopes, severely Primghar silty clay loam, 2 to 5 percent slopes_| 8,110 1.5 
eroded اس سا اد بت ساب مسبت سا ساب ندب سس باب ساب سا‎ 855 Л | Radford silty clay loam, 0 to 2 percent slopes -| 8,450 1.5 
Ida silt loam, 5 to 9 percent slopes, severely Radford silty clay loam, 2 to 5 percent slopes _| 36,140 6.5 
eroded 22" ----- 19,745 3.6 | Rough broken land با‎ LLL LLL LL 585 1 
Ida silt loam, 9 to 14 percent slopes, severely Salix silty clay loam, 0 to 2 percent slopes ___| 1,570 .3 
eroded ___________-_----_--_------------- 40,600 7.4 | Salix silty clay loam, leached subsoil variant, 
Ida silt loam, 14 to 20 percent slopes, severely 0 to 2 percent slopes -------------------—- 775 1 
oded uuu 22,390 4.1 | Steep rock land سا‎ LLL LLL LL مات‎ 245 Q) 
Ida silt loam, 20 to 30 percent slopes, severely Steinauer clay loam, 9 to 14 percent slopes, 
eroded ____________-__-__--__--_--_____--- 11,060 2.0 severely eroded ________________________-- 1,075 2 
Ida silt loam, 30 to 40 percent slopes, severely Steinauer clay loam, 14 to 18 percent slopes, 
eroded _______-______-____--_------_----- 2,795 5 severely eroded ____________________-_--- 790 1 
Ida-Wadena complex, 5 to 14 percent slopes, Steinauer clay loam, 18 to 30 percent slopes, 
severely eroded ———--—------—--—---—---------- 575 1 severely eroded ____________-___-__-------- 290 е) 
Kennebec silt loam, 0 to 2 percent slopes ____| 8,895 1.6 | Wadena loam, 2 to 5 percent slopes _________- 520 . 
Кеппеђес silt loam, 2 to 5 percent slopes ____ 905 2 Gravel pits and miscellaneous ________----- 700 21 
Кеппеђес silt loam, channeled, 0 to 2 per- | 
cent slopes 2————--——----—----—---—----------- 5,415 1.0 Total 2————---------—----------------—----—- 552,320 100.0 
Kennebec silty clay loam, 0 to 2 percent 
slopes 2——2——--—-—--—-—--—---—----—--—------—--—--- 1,545 8 


1 Less than 0.05 percent. 


read the description of that unit and also the descrip- 
tion of the soil series to which it belongs. As mentioned 
in the section “How This Survey Was Made,” not all 
mapping units are members of a soil series. Steep rock 
land and Rough broken land, for example, are miscel- 
laneous land types that do not belong to а soil series. 
They are listed, nevertheless, in alphabetic order along 
with the soil series. 

In comparing a mapping unit with a soil series, many 
will prefer to read the short description in paragraph 
form. It precedes the technical description that identi- 
fies layers by А, B, and С horizons and depth ranges. 
The technical profile descriptions are mainly for soil 
scientists and others who want detailed information 
about soils. Unless otherwise indicated, the colors given 
in the descriptions are those of а moist soil. Some of 
the terms used to describe the soils are defined in the 
Glossary at the back of this soil survey. 

Following the name of each mapping unit is a sym- 
bol in parentheses. This symbol identifies the mapping 
unit on the detailed soil map. Listed at the end of each 


description of a mapping unit is the capability unit in 
which the mapping unit has been placed. The pages on 
which each capability unit is described can be found by 
referring to the “Guide to Mapping Units” at the back 
of this survey. 


Albaton Series 


The Albaton series consists of poorly drained, cal- 
careous, clayey soils that formed in alluvium. These 
soils are on flood plains. Slope ranges from 0 to 1 рег- 
cent. 

In а representative profile the surface layer is very 
dark gray, calcareous, firm silty clay about 8 inches 
thick. Below this is stratified sediment that is domi- 
nantly dark grayish-brown and dark-gray, calcareous, 
firm silty clay. Below a depth of about 42 inches are 
thin layers of clayey, loamy, and sandy sediment. 

These soils have а very slow to slow permeability. 
They have moderate available water capacity and low 
organie-matter content. They are low in available ni- 
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trogen, very low іп available phosphorus, and high in 
available potassium. The surface layer is neutral or 
mildly alkaline and is high in lime. These soils have а 
deep rooting zone, but a seasonal high water table re- 
stricts root growth in some years. 

Where drainage is adequate, these soils are used for 
crops. Other areas are used Тог pasture. Some pastures 
have not been cleared of trees. 

Representative profile of Albaton silty clay, 0 to 1 
percent slopes, in an alfalfa field about 1 mile north of 
the southwest corner of the county ; 1,100 feet south and 
450 feet west of the northeast corner of SE! sec. 27, 
T. 90 N., R. 48 W.: 


Ар—0 to 8 inches, very dark gray (10YR 3/1) silty clay; 
clods part to moderate, very fine, subangular blocky 
and angular blocky structure; firm; neutral; slight 
efferverscence; clear, smooth boundary. 

C1—8 to 16 inches, dark grayish-brown (2.5Y 4/2) silty 
clay; some very dark gray (5Y 3/1) coatings on 
ped faces; few, fine, prominent, yellowish-red (5YR 
5/6) to dark-brown (7.5YR 4/4) mottles; strong, 
very fine, angular and subangular blocky struc- 
ture; firm; moderately alkaline; strong efferves- 
cence; gradual, smooth boundary. 

C2—16 to 35 inches, dark grayish-brown (2.5Y 4/2) silty 
clay; dark-gray (БҮ 4/1) and gray (БҮ 5/1) 
coatings on ped faces; common, fine, prominent, 
yellowish-red (БУВ 5/6) to dark-brown (7.5YR 
4/4) mottles; dominantly gray (5Y 5/1) below a 
depth of 24 inches; strong, very fine, angular and 
subangular blocky structure; firm; moderately al- 
kaline; strong effervescence; clear, smooth bound- 


ary. 

C3—35 to 42 inches, dark-gray (БҮ 4/1) silty clay; upper 3 
inches is very dark gray (5Y 3/1); very dark gray 
(БҮ 3/1) coatings on ped faces in rest of horizon; 
few, fine, prominent, yellowish-red (БҮК 5/6) to 
dark-brown (7.5YR 4/4) mottles; weak, very fine, 
subangular blocky structure; firm; common small 
lime ‘concretions; abundant, soft, dark-brown 
(7.5YR 3/2) iron and manganese accumulations; 
moderately alkaline; strong effervescence; gradual, 
smooth boundary. 

C4—42 to 48 inches, dark-gray (5Y 4/1) silty clay loam; 
some very dark gray (5Y 3/1) coatings on ped 
faces; few, fine, prominent, yellowish-red (5YR 
5/6) to dark-brown (7.5YR 4/4) mottles; weak, 
very fine, subangular blocky structure; firm; com- 
mon small lime concretions; abundant, soft, dark- 
brown (7.5YR 3/2) iron and manganese accumula- 
tions; moderately alkaline; strong effervescence; 
clear, smooth boundary. 

C5—48 to 60 inches, dominantly stratified, very dark gray- 
ish-brown (2.5Y 3/2) and dark grayish-brown 
(2.5Y 4/2) sandy loam; abundant dark-brown 
(7.5YR 8/2) accumulations; strong effervescence. 


The A horizon ranges from 6 to 10 inches in thickness. 
It is very dark gray (10YR 3/1 or 5Y 3/1), very dark 
grayish brown (10YR or 2.5Y 3/2), or dark olive-gray (5Y 
8/2) silty clay or clay. It ranges from neutral to moderately 
alkaline in reaction and from noncalcareous to calcareous. 

The C horizon is dominantly silty clay or clay to a depth 
of 40 inches, but strata of coarser textured material, less 
than 6 inches thick, are in many places. One or more Ab 
horizons, less than 6 inches thick, are present in places. 
They are very dark gray (10YR 3/1 or 5Y 3/1) in color. 
Strata of coarser textured material are common below a 
depth of 40 inches. The material ranges from clay to sandy 
oam. 

Albaton soils in this county have more strata of moder- 
ately fine textured to moderately coarse textured material 
than is typical for the series. This difference does not alter 
the usefulness and behavior of these soils. 

Albaton and Luton soils occupy similar positions on the 
landscape, and they have a somewhat similar profile. Albaton 
soils have a thinner, lighter colored A horizon than Luton 
soils, and they are calcareous at or near the surface. 


Albaton silty clay, 0 to 1 percent slopes (|56).—This 
soil is on flood plains. Areas are about 40 to 80 acres. 
Most are in the Big Sioux River Valley in the southern 
part of the county. 

Included with this soil in mapping were small areas 
of soils that are less clayey and less poorly drained than 
this soil. 

This soil is suited to row crops. It is susceptible to 
flooding except in areas that are protected by levees. 
Wetness is а limitation. If this soil is worked when wet, 
it becomes cloddy. Capability unit IIIw-1. 


Caleo Series 


The Calco series consists of poorly drained, calcar- 
eous, silty soils that formed in sediment deposited by 
streams on flood plains. Slope ranges from 0 to 2 per- 
cent. 

In a representative profile the surface layer is fri- 
able, calcareous silty clay loam about 29 inches thick. It 
is very dark gray in the upper 8 inches and black in 
the lower part. The substratum is very dark gray, fri- 
able, calcareous silty clay loam. 

These soils have moderately slow permeability. They 
have high to very high available water capacity and 
high organic-matter content. They are medium or low 
in available nitrogen, very low in available phosphorus, 
and low or very low in available potassium. The surface 
layer is mildly alkaline or moderately alkaline and is 
high in lime. These soils have a deep rooting zone ex- 
cept where root growth is restricted by a high water 
able. 

Most Calco soils are cultivated. Some areas that are 
subject to frequent flooding are in pasture. 

Representative profile of Calco silty clay loam, 0 to 2 
percent slopes, in a cornfield about 4 miles southeast of 
the town of Hinton; 565 feet south and 75 feet east of 
the northwest corner of sec. 31, T. 90 N., R. 45 W.: 


Ар—0 to 8 inches, very dark gray (10YR 3/1) silty clay 
loam; clods part to weak, fine, granular and very 
fine, subangular blocky structure; friable; moder- 
ately alkaline; weak effervescence; clear, smooth 
boundary. 

A12—8 to 14 inches, black (N 2/0) silty clay loam; 20 per- 
cent mixing of very dark gray (10YR 3/1); weak, 
fine, granular and very fine, subangular blocky 
structure; friable; moderately alkaline; weak effer- 
vescence; clear, smooth boundary. 

A13—14 to 22 inches, black (N 2/0) silty clay loam; weak, 
fine, granular and very fine, subangular blocky 
structure; friable; moderately alkaline; weak effer- 
vescence; gradual, smooth boundary. 

A14—22 to 29 inches, Маск (М 2/0) silty clay loam; mod- 
erate, very fine, subangular blocky structure; 
friable; moderately alkaline; weak effervescence; 
diffuse, smooth boundary. 

АС1—29 to 36 inches, very dark gray (N 3/0) silty clay 
loam; weak, very fine and fine, subangular blocky 
structure; friable; few small lime concretions; 
moderately alkaline; strong effervescence; grad- 
ual, smooth boundary. 

AC2—86 to 41 inches, very dark gray (N 3/0) silty clay 
loam; weak, very fine and fine, subangular blocky 
structure; friable; common small lime concretions; 
moderately alkaline; strong effervescence; diffuse, 
smooth boundary. 

С--41 to 60 inches, very dark gray (ЇЧ 3/0) silty clay loam; 
weak, very fine and fine, subangular blocky struc- 
ture; friable; few small lime concretions; moder- 
ately alkaline; strong effervescence. 


Very dark gray (10YR 3/1) or very dark grayish-brown 
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(10YR 3/2) overwash up to 15 inches thick is present in 
many places. It is heavy silt loam to medium silty clay loam. 

The А horizon is 24 to 40 inches thick and is light or me- 
dium silty clay loam. It is friable or firm. 

À Bg horizon is present in places. It is dark gray (N 4/0 
or 10YR to 5Y 4/1) or very dark gray (N 3/0 or 10YR to 
5Y 3/1) and is mottled in most places. 

The С horizon is typically medium silty clay loam, but it 
ranges from silt loam to silty clay. 

Calco soils resemble Colo soils, which are also dark-colored 
silty clay loams on flood plains. They are calcareous, but 
Colo soils are not. 

Calco silty clay loam, 0 to 2 percent slopes (733) — 
This soil is on flood plains, typically in valleys that are 
about 200 to 500 feet wide. Most areas are long and nar- 
row. . 

Included with this soil in mapping were areas of 
Colo soils and soils that are calcareous only in the up- 
per 1 or 2 feet of the profile. Also included were soils 
that are finer textured than this Calco soil. The largest 
areas of these soils are in the Floyd River Valley be- 
tween the towns of Merrill and Hinton. | 

This soil is well suited to row crops. It is susceptible 
to flooding, and wetness is a limitation. It becomes 
cloddy if worked when too wet. Capability unit Пм-1. 


Castana Series 


The Castana series consists of well-drained, calcar- 
eous, silty soils. These soils formed in material that 
washed or slumped from hillsides. They are on foot 
slopes along the edges of valleys. Slope ranges from 9 
to 30 percent. . 

In а representative profile the surface layer is very 
dark brown and very dark grayish-brown, very friable, 
calcareous silt loam about 18 inches thick. The sub- 
stratum is brown, very friable, calcareous silt loam. 

Castana soils have moderate permeability and very 
high available water capacity. They have moderate or- 
ganie-matter content. They are low in available nitro- 
gen, low or very low in available phosphorus, and 
medium or high in available potassium. They are mod- 
erately alkaline and are high in lime. They have a deep 
rooting zone. | 

Most areas of Castana soils are used for pasture, but 
some are farmed with adjoining bottom-land soils and 
are used for cultivated crops. Stands of trees are in 
many pastures. . 

Representative profile of Castana silt loam, 14 to 30 
percent slopes, in a pasture about 5 miles southeast of 
the town of Westfield; 600 feet north and 520 feet east 
of the southwest corner of NW14 sec. 17, Т. 91 N., К. 
48 W.: 

А11—0 to 9 inches, very dark brown (10YR 2/2) silt loam, 
very dark grayish brown (10YR 3/2) when crushed; 
weak, fine, granular structure; very friable; mod- 
erately alkaline; strong effervescence; gradual, 
smooth boundary. 

А12—9 to 14 inches, very dark grayish-brown (10YR 3/2) 
silt loam, tending to dark grayish brown (10YR 
4/2) when crushed; weak, fine, granular structure; 
very friable; moderately alkaline; strong efferves- 
cence; gradual, smooth boundary. 

АС—14 to 18 inches, very dark grayish-brown (10YR 3/2) 
silt loam, tending to dark brown (10YR 3.3) when 
crushed; weak, fine, granular and weak, very fine, 
subangular blocky structure; very friable; moder- 
ately alkaline; strong effervescence; gradual, 
smooth boundary. 


C1—18 to 28 inches, brown (10YR 4/3) silt loam; weak, 
fine, granular and weak, very fine, subangular 
Моску strueture; very friable; few small lime con- 
cretions; moderately alkaline; strong effervescence; 
gradual, smooth boundary. 

C2—28 to 37 inches, brown (10YR 4/3) silt loam; massive; 
very friable; lime concretions larger and more 
abundant than in C1 horizon; moderately alkaline; 
strong effervescence; gradual, smooth boundary. 

С3—87 to 60 inches, brown (10YR 5/3) silt loam, yellowish 
brown (10YR 5/4) when dry; massive; very fri- 
able; common lime concretions; moderately alka- 
line; strong effervescence. 


The A horizon is 10 to 20 inches thick. It is mostly silt 
loam, but in places it is loam. Some profiles are leached of 
carbonates to a depth of about 10 inches. The C horizon is 
yellowish brown (10YR 5/4) in places. Lime concretions are 
few to common. 

Castana loam, 9 to 14 percent slopes, has more sand than 
is typical for the series. It also contains some limestone 
fragments. These differences, however, do not significantly 
affect the use and behavior of the soil. 

Castana soils are near Hamburg, Ida, and Napier soils. 
All are silt loams. Castana soils have a thicker À horizon, 
than Hamburg and Ida soils and a thinner A horizon than 
Napier soils. They are calcareous higher in the profile than 
Napier soils. | 


Castana loam, 9 to 14 percent slopes (14D).—This soil 
has straight slopes. It is in areas, 100 to 200 feet wide, 
between very steep rock hillsides and nearly level or 
gently sloping bottom-land soils. It has a profile similar 
to the one described as representative of the series, but 
it has more sand throughout and fragments of lime- 
stone, sandstone, or shale are in the upper part of the 
profile. 

Included with this soil in mapping were small areas 
where rock fragments are common. 

This soil is suited to row crops where it is accessible 
to farm machinery. Pasture is à better use in many 
places. The soil is susceptible to erosion and receives а 
great deal of runoff from adjoining soils on uplands. 
Capability unit ТУе-2. 

Castana silt loam, 14 to 30 percent slopes (3F].—This 
soil is along the edges of valleys in the very steep parts 
of the county. Areas are about 200 to 400 feet wide and 
14 to 14 mile long. The profile of this soil is the one 
described as representative of the series. 

Included with this soil in mapping were areas where 
slopes are steeper than 30 percent. Also included were 
Napier soils that have slopes of less than 14 percent. 

This soil is poorly suited to row crops and generally 
is managed with the adjacent, very steep and steep soils 
on hillsides. It is susceptible to erosion. Many areas are 
not easily accessible by farm machinery. Capability 
unit VIe-1. 

Castana-Gullied land complex, 9 to 14 percent slopes 
(983D).—This complex is in the upper part of valleys in 
the very steep parts of the county. Castana soils make 
up about 75 percent of this complex, and Gullied land 
and included soils make up the remaining 25 percent. 
Areas are long and narrow. A large gully is in the cen- 
ter of each area. Some gullies are as deep and as wide 
as 50 feet and have vertical sides. Small gullies extend 
from the main ones. 

Included with this complex in mapping were areas of 
Napier soils next to the gullies. 

This complex is not suited to row crops. It is suscep- 
tible to further gullying and to sheet erosion. Capability 
unit VIIe-1. 
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Colo Series 


The Colo series consists of poorly drained silty soils. 
These soils formed in sediment deposited by streams on 
flood plains. Slope ranges from 0 to 2 percent. 

In а representative profile the surface layer is friable 
silty clay loam about 37 inches thick. Most of this layer 
is black, but the upper part is very dark grayish brown 
and very dark gray because the recently deposited sedi- 
ment is lighter in color. The substratum is very dark 
gray and dark-gray, friable silty clay loam. 

These soils have moderately slow permeability. They 
have high to very high available water capacity and 
high organie-matter content. They are generally me- 
dium or low in available nitrogen, low or very low in 
available phosphorus, and medium in available potas- 
sium. They are neutral or slightly acid to а depth of 3 
feet or more except in areas where overwash that is 
high in lime is on the surface. Тћеу have a deep root- 
ing zone. 

Most areas are used for cultivated crops, but a siz- 
able acreage is in pasture. 

Representative profile of Colo silty clay loam, 0 to 2 
percent slopes, in a bluegrass pasture about 5 miles 
southeast of the town of Remsen; 120 feet east and 20 
c north of center of NW14, sec. 85, T. 92 N., В. 43 


А11—0 to 6 inches, very dark grayish-brown (10YR 3/2) 
light silty clay loam; weak, very fine, subangular 
blocky structure; friable: slightly acid; clear, 
smooth boundary. 

А12--6 to 14 inches, very dark gray (10YR 3/1) light silty 
clay loam; weak, fine, granular and weak, very 
fine, subangular blocky structure; friable; neutral; 
gradual, smooth boundary. 

А13—14 to 28 inches, blaek (10YR 2/1) silty clay loam; 
moderate, very fine, subangular blocky structure; 
friable; neutral; gradual, smooth boundary. 

A14—28 to 37 inches, black (10YR 2/1) silty clay loam; 
few, fine, faint, dark grayish-brown (10YR 4/2) 
mottles; moderate, very fine, subangular blocky 
structure; friable; slightly acid; gradual, smooth 
boundary. 

AC—37 to 42 inches, very dark gray (10YR 3/1) silty clay 
loam, tending to dark gray (10YR 4/1) ; few, fine, 
faint, dark grayish-brown (10YR 4/2) mottles; 
weak, very fine, subangular blocky structure; fri- 
able; neutral; gradual, smooth boundary. 

C—42 to 60 inches, dark-gray (10YR 4/1) silty clay loam; 
fine, faint, dark grayish-brown (10YR 4/2) and 
dark yellowish-brown (10YR 4/4) mottles; weak, 
very fine, subangular blocky structure; friable; 
neutral. 

In most places overwash is as much as 15 inches thick. 
The overwash is very dark gray (10ҮК 3/1), very dark 
grayish brown (10YR 3/2), or very dark brown (10YR 
2/2). It is light or medium silty clay loam and is neutral or 
slightly acid. In a few places it is calcareous silt loam or 
light silty clay loam and is mildly alkaline or moderately 
alkaline. It is dark grayish brown (10YR 4/2) or very dark 
grayish brown (10YR 3/2). 

The A horizon is 30 to 40 inches thick and, excluding the 
overwash, is medium acid to neutral. Reddish, brownish, or 
yellowish mottles are in the lower part of the horizon in 
many places. 

The boundary between the А and C horizons commonly is 
diffuse and is somewhat arbitrarily established. In places 
Colo soils are described as having a weak structural B 
horizon that is very dark gray (10YR 8/1) or dark gray 
(10YR 4/1). The C horizon ranges from very dark gray 
(10YR 3/1) to dark grayish brown (10YR or 2.5Y 4/2) 
below a depth of 40 inches. 

Colo soils are on bottom lands near Kennebec, Calco, and 
Radford soils. They are finer textured than Kennebec soils. 
In places they have stratified, grayish or brownish over- 


wash, less than 15 inches thick, whereas in Radford soils 
the stratified material extends to a depth of 18 to 36 inches. 
Colo soils are noncalcareous, except in а few places that 
have a thin layer of calcareous overwash, whereas Calco 
soils are calcareous. 

Colo silt loam, calcareous overwash, 0 to 2 percent 
slopes (133+).—This soil is on flood plains. Areas gen- 
erally are long and narrow. 

This soil has a profile similar to the one described as 
representative of the series, but it has 6 to 15 inches 
of calcareous silt loam over black silty clay loam. 

This soil is well suited to row crops. It is susceptible 
to flooding, but floods generally are not common enough 
to prevent row cropping. Wetness is a limitation. Capa- 
bility unit IIw-—1. 

Colo silty clay loam, 0 to 2 percent slopes (133).—This 
soil is on flood plains. Areas generally are long and nar- 
row and extend along the valley on both sides of the 
stream. 'The profile of this soil is the one described as 
representative of the series. In places the very dark 
gray or very dark grayish-brown overwash is thinner 
or is lacking. 

Included with this soil in mapping were areas of 
Calco soils and areas of soils that are more clayey than 
this Colo soil. Also included, in the Big Sioux River 
Valley, were some fairly large areas of soils that are 
slightly more clayey. 

This soil is well suited to row crops except in low- 
lying areas. 1t is susceptible to flooding, but floods gen- 
erally are not common enough to prevent row cropping. 
Wetness is а limitation. If this soil is worked when too 
wet, it becomes cloddy. Capability unit IIw-1. 


Dickman Series 


The Dickman series consists of somewhat excessively 
drained loamy soils that formed in alluvium. Some al- 
luvium has been blown for short distances. These soils 
ی‎ stream benches. Slope ranges from 2 to 9 рег- 
cent. 

In а representative profile the surface layer is very 
dark brown, very friable fine sandy loam about 10 
inches thick. The subsoil is about 87 inches thick. The 
upper few inches is dark-brown sandy loam, and the 
rest is dark yellowish-brown, loose loamy sand. Below 
this is yellowish-brown, calcareous, loose loamy sand. 

These soils have rapid permeability. They have low 
available water capacity and moderately low organic- 
matter content. They are low in available nitrogen and 
phosphorus and high in available potassium. The sur- 
face layer is neutral or slightly acid. These soils have a 
deep rooting zone, but root growth is restricted 
by lack of moisture in some years. 

Most areas of these soils are used for cultivated 
crops. 

Representative profile of Dickman fine sandy loam, 
2 to 9 percent slopes, in an alfalfa field about 1 mile 
from the northwest corner of the county ; 450 feet south 
and 75 feet east of northwest corner of SW1A sec. 3, 
T. 93 N., R. 48 W.: 


Ap 一 0 to 6 inches, very dark brown (10YR 2/2) fine sandy 
loam; weak, coarse, subangular blocky structure 
parting to weak, fine, granular; very friable; neu- 
tral; abrupt, smooth boundary. 

А12—6 to 10 inches, very dark brown (10YR 2/2) fine sandy 
loam, rubs to very dark grayish brown (10ҮК 
3/2) ; weak, medium and coarse, subangular blocky 


PLYMOUTH COUNTY, ТОМА 13 


structure parting to weak, fine, subangular blocky; 
very friable; slightly acid; clear, smooth boundary. 

В1--10 to 14 inches, dark-brown (10YR 3/3) sandy loam; 
weak, very fine and fine, subangular blocky struc- 
ture; very friable; slightly acid; clear, smooth 
boundary. 

B2—14 to 21 inches, dark yellowish-brown (10YR 4/4) 
loamy sand; some dark-brown (10YR 4/3) coat- 
ings on ped faces; weak, very fine and fine, sub- 
angular blocky structure; loose; slightly acid; 
gradual, smooth boundary. 

B3—21 to 47 inches, dark yellowish-brown (10YR 4/4) 
loamy sand; single grained; loose; slightly acid; 
clear, smooth boundary. 

C—47 to 60 inches, yellowish-brown (10YR 5/4) loamy 
sand; single grained; loose; mildly alkaline; strong 
effervescence, 

The A horizon is fine sandy loam or sandy loam 8 to 14 
inches thick. It is slightly acid or neutral. 

Тһе B1 horizon is lacking in some profiles, but most of 
those profiles have an АЗ horizon instead. The B1, or АЗ, 
horizon is 2 to 6 inches thick and is very dark grayish-brown 
(10YR 8/2) or dark-brown (10YR 3/3) sandy loam or fine 
sandy loam. It is slightly acid or neutral. The B2 horizon is 
brown (10YR 4/8) or dark yellowish-brown (10YR 4/4) 
sandy loam or loamy sand 4 to 8 inches thick. It is slightly 
acid or neutral. The B3 horizon is loamy sand or sand 10 to 
80 inches thick. It is neutral or slightly acid. 

The C horizon is caleareous loamy sand or sand that is 
neutral or mildly alkaline. 

The reaction in the solum and the carbonates above a 
depth of 60 inches are outside the range of the Dickman 
series. However, these differences have little or no signifi- 
cant affect on the use or behavior of these soils. 

Dickman soils are on stream benches near Wadena soils. 
They are sandier in the upper part of their profile. than 
Wadena soils. 


Dickman fine sandy loam, 2 to 9 percent slopes (288). 
—This soil is on convex ridges or humps on stream 
benches in the larger valleys. Areas range from about 
10 to 80 acres or more. 

Included with this soil in mapping were soils that are 
not so sandy as Dickman soils. These soils commonly 
are Wadena soils, which are underlain by gravel in 
places. 

This Dickman soil is suited to row crops. It is com- 
monly farmed with soils that are better suited to this 
use. It is susceptible to erosion and to soil blowing, and 
it is droughty. Capability unit IIIe-3. 


Galva Series 


The Galva series consists of well-drained silty soils 
that formed in loess on uplands and on high stream 
benches. Slope ranges from 0 to 14 percent. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown, friable silty 
clay loam about 12 inches thick. The subsoil is friable 
silty clay loam about 30 inches thick. It is dark yellow- 
ish brown in the upper part and yellowish brown in the 
lower part. The substratum, extending to a depth of 60 
inches, is yellowish-brown, friable light silty clay loam. 

These soils have moderate permeability. They have 
high to very high available water capacity and moder- 
ate to high organic-matter content. They are low to 
medium in available nitrogen, low in available phos- 
phorus, and high in available potassium. Тће surface 
layer is medium acid to neutral. These soils have a deep 
rooting zone. 

Almost all areas of these soils are cultivated. А few 
of the more sloping areas are in pasture. 

Representative profile of Galva silty clay loam, 2 to 


5 percent slopes, in a meadow about 5 miles north of 
the town of Kingsley; 66 feet west and 46 feet south 
of “Witness Post" of Coast and Geodetic Survey, which 
is near the northwest corner of МЕММЕЙ, sec. 30, 
T. 91 N., R. 48 W.: 


Ар1—0 to 3 inches, very dark brown (10YR 2/2) silty clay 
loam; weak, fine, granular structure; friable; 
slightly acid; abrupt, smooth boundary. 

Ap2—3 to 7 inches, very dark brown (10YR 2/2) silty clay 
loam; moderate to strong, coarse, angular block 
structure; friable; slightly acid; abrupt, smoot 
boundary. 

A3—7 to 12 inches, very dark grayish-brown (10YR 8/2) 
silty clay loam; some very dark brown (10YR 2/2) 
coatings on ped faces, thinning in lower part; very 
dark grayish brown (10YR 8/2) when crushed and 
kneaded; moderate, very fine, subangular blocky 
structure; friable; slightly acid; gradual, smooth 
boundary. 

B21—12 to 18 inches, dark yellowish-brown (10YR 4/4) 
silty clay loam; few very dark grayish-brown 
(10YR 3/2) coatings on ped faces; dark yellowish 
brown (10YR 4/4) when kneaded; weak, medium, 
prismatie structure parting to weak, very fine, sub- 
angular blocky; friable; few patchy clay films; 
slightly acid; gradual, smooth boundary. 

B22—18 to 27 inches, dark yellowish-brown (10YR 4/4) 
silty clay loam; yellowish brown (10YR 5/4) when 
kneaded; weak, medium, prismatie structure part- 
ing to weak, very fine, subangular blocky; friable; 
few patchy clay films; neutral; gradual, smooth 


boundary. 

B31—27 to 34 inches, yellowish-brown (10YR 5/4) light 
silty clay loam; weak, medium, prismatic structure 
parting to weak, fine, subangular blocky; friable; 
few patchy clay films; neutral; gradual, smooth 
boundary. 

B32— 34 to 42 inches, yellowish-brown (10YR 5/4) light 
silty clay loam; weak, fine, subangular blocky struc- 
ture; friable; neutral; gradual, smooth boundary. 

С—42 to 60 inches, yellowish-brown (10YR 5/4) light silty 
clay loam; common, fine, faint, yellowish-brown 
(10YR 5/6) mottles and common, fine, distinct, 
light-gray (10YR 6/1) mottles; massive; friable; 
neutral, but moderately alkaline and strong effer- 
vescence in lower few inches. 


The A horizon, in areas where the soil is uneroded or is 
only slightly eroded, ranges from about 10 to 16 inches in 
thickness. The maximum clay content in the profile is about 
34 to 38 percent. It is most commonly in the A1 horizon 
within 12 inches of the surface, but in places it is in the A3 
or B1 horizon. The A horizon is neutral to medium acid. 

The B horizon is about 24 to 30 inches thick. The B2 
horizon is brown (10YR 4/8 to 10YR 5/3), dark yellowish 
brown (10YR 4/4), or yellowish brown (10YR 5/4). In the 
C horizon and, in places, in the B3 horizon are few to com- 
mon mottles. The B horizon is commonly neutral or slightly 
acid. 

In places the C horizon is moderately alkaline and calcar- 
eous. Calcareous glacial till underlies the loess at a depth 
of 40 to about 120 inches. 

Galva soils resemble Monona soils, which are also well- 
drained soils that formed in loess. They are finer textured 
in the upper part of the profile than Monona soils. 


Galva silty clay loam, 2 to 5 percent slopes (3108)— 
This soil occupies many ridgetops in the county. It is 
also on hillsides in undulating and gently rolling areas. 
Areas are large; some square-mile sections are made 
up entirely of this soil, except for narrow strips of 
other soils in drainageways. The profile of this soil is 
the one described as representative of the series. 

Included with this soil in mapping were eroded areas 
where the plow layer is lighter colored. On many nar- 
row ridgetops the surface layer is very dark grayish 
brown and is only about 6 inches thick. Also included 
were small areas of Ida soils, some wetter soils in nar- 
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Figure 8.—Farm buildings on Galva silty clay loam, benches, 0 to 2 percent slopes. Pasture іп foreground is on Colo silty clay loam, 
to 2 percent slopes. 


row drainageways or in depressions, and a few areas, 
1 or 2 acres in size, of soils that formed in glacial 
drift. In the western part of the county, some areas of 
Galva silty clay loam, benches, 2 to 5 percent slopes, 
were included. 

This soil is well suited to row crops. It is susceptible 
to erosion, but adequate erosion control can be obtained 
with reasonable ease. Capability unit Пе-2. 

Galva silty clay loam, 5 to 9 percent slopes, mod- 
erately eroded (310C2).—This soil is mainly on hillsides. 
А few areas are on ridgetops in rolling and hilly parts 
of the county, and some are on escarpments between 
stream benches and flood plains. Areas typically are 
large. In many parts of the county this soil makes up 
almost all hillsides. The hillsides are approximately 
400 to 800 feet from ridgetop to valley, and many areas 
extend for miles along the contour of the landscape. 

This soil has a profile similar to the one described 
as representative of the series, but the surface layer is 
lighter colored, generally very dark grayish brown. 

Included with this soil in mapping were spots of 
severely eroded Galva and Ida soils on convex knobs 
between hillside drainageways. Also included were nar- 
row strips of Primghar soils in hillside drainageways. 
Areas of Steinauer soils, 1 or 2 acres in size, were in- 


cluded and are shown on the soil map by a till symbol. 
On terrace escarpments small outcrops of sand and 
gravel are common and are shown on the soil map by а 
Special sand or gravel symbol, 

This soil is suited to row crops, but erosion is exces- 
sive unless adequate erosion control measures are used. 
Capability unit IIIe-1. 

Galva silty clay loam, 9 to 14 percent slopes, mod- 
erately eroded (310D2).— This soil is on convex hillsides 
and commonly is on uplands near other Galva soils that 
are less sloping. Most areas are 10 to 20 acres. 

This soil has a profile similar to the one described 
as representative of the series, but the surface layer is 
very dark grayish brown. 

Included with this soil in mapping were patches of 
severely eroded Galva and Ida soils on convex knobs 
between hillside drainageways. Also included were 
small areas of Steinauer soils and small areas of gravel 
x that are shown on the soil map by special sym- 

ols. 

This soil is suited to row crops. It also is well suited 
to hay or pasture. It is very susceptible to erosion. Ade- 
quate erosion-control measures are essential, especially 
for row crops. Capability unit IIIe-2. 

Galva silty clay loam, benches, 0 to 2 percent slopes 
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Figure 9.—Soybeans on Galva-Wadena complex, 5 to 14 percent slopes, moderately eroded. 


(T310).—This soil is on stream benches that are about 
5 to 15 feet above the flood plains. Most areas are along 
the larger streams. Areas are as large as 100 acres (fig. 


This soil has a profile similar to the one described as 
representative of the series, but it is more nearly level 
and the dark-colored surface layer is 12 to 15 inches 
thick. In many places sand or gravel is at a depth of 8 
to 10 feet, which is not typical of the Galva series. 

Included with this soil in mapping were small areas 
of other Galva soils that have slopes of as much as 5 
percent. Also included were areas in depressions, about 
1 to 2 acres in size, of soils that are wetter than this 
Galva soil. 

This soil is well suited to row crops. In places it re- 
ceives runoff from the adjoining hillsides, but this 
rarely limits its use. In many years the additional mois- 
ture is helpful. Capability unit 1—1. 

Galva silty clay loam, benches, 2 to 5 percent slopes 
| 310B]—This soil is оп stream benches. On some 

enches, particularly smaller ones, it is the only soil 
mapped. Typical areas are 10 to 20 acres in size and 
are 5 to 15 feet above the flood plain. Some areas on the 
escarpment next to the flood plain are long and nar- 
row. 
This soil has a profile similar to the one described as 


representative of the series, but in many places the 
dark-colored surface layer is thicker. 

Included with this soil in mapping were nearly level 
Galva soils and areas in depressions, 1 to 2 acres in 
size, of soils that are wetter than this Galva soil. Also 
included were gravelly and sandy areas about 1 acre in 
size. Most of these areas are near the base of the ter- 
race escarpment within a few feet of the flood plain. 
In many places this soil is underlain at а depth of ap- 
proximately 8 or 10 feet by sand and gravel. 

This soil is well suited to row crops. It is subject to 
erosion. It receives runoff from adjoining hillsides, 
which inereases the need for erosion control. Capability 
unit IIe-2. 

Galva-Wadena complex, 5 to 14 percent slopes, mod- 
erately eroded (3!17C2).—This complex is on terrace 
escarpments. Galva soils make up 60 to 80 percent of 
the complex; Wadena soils, 15 to 30 percent; and in- 
cluded soils, the rest. Areas are 200 to 400 feet wide. 
They occupy bands between the flood plain and the 
nearly level or gently sloping stream bench, which is 
10 to 15 feet above the flood plain. Wadena soils are in 
1- to 5-acre patches on convex knobs that typically are 
200 to 400 feet apart. 

The Galva and Wadena soils have profiles similar to 
the ones described as representative of their respective 
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series, but their surface layer is very dark grayish 
brown and is thinner. Wadena soils in this complex 
generally have more pebbles, cobbles, and boulders on 
the surface than is typical for that series. 

This complex is well suited to hay and pasture. It is 
also suited to row crops (fig. 9, p. 15). It is very sus- 
ceptible to erosion. In addition, the Wadena soils and 
most of the included soils are droughty and are likely to 
have pebbles and cobbles on the surface. Capability unit 
IITe-3. 


Graceville Series 


The Graceville series consists of moderately well 
drained silty soils that formed in alluvium. These soils 
are on stream benches and are underlain by sand or 
gravel at a depth of 4 or 5 feet. Slope ranges from 0 to 
5 percent. 

In a representative profile the surface layer is very 
dark brown, friable silt loam about 20 inches thick. 
Тће subsoil is about 26 inches thick. It is very dark 
grayish-brown, friable silt loam in the upper 7 inches 
and grades with increasing depth to dark-brown, fri- 
able loam and brown, very friable sandy loam. Below 
a depth of 46 inches is calcareous gravel. 

These soils have moderate permeability. They have 
high available water capacity and moderate to high 
organic-matter content. They are low in available ni- 
{тореп and phosphorus and medium in available potas- 
sium. The surface layer is neutral or slightly acid. In 
places the rooting zone is restricted by the underlying 
sand or gravel, but the coarse material generally is 
deep enough that the influence on plant growth is 
minor. 

These soils commonly are used for cultivated crops. 

Representative profile of Graceville silt loam, 0 to 2 
percent slopes, in an alfalfa field about 2 miles south- 
west of the town of Akron; 1,400 feet east and 250 feet 
south of the northwest corner of sec. 12, T. 92 N., R. 49 
W.: 

Ар—0 to 7 inches, very dark brown (10YR 2/2) heavy silt 
loam; weak, fine and medium, subangular blocky 
structure parting to moderate, fine, granular; fri- 
able; neutral; abrupt, smooth boundary. 

A12—7 to 18 inches, very dark brown (10YR 2/2) heavy 
silt loam; less compaction than in Ap horizon; 
weak, fine and medium, subangular blocky struc- 
ture parting to moderate, fine, granular; friable; 
neutral; gradual, smooth boundary. 

АЗ—18 to 20 inches, very dark brown (10YR 2/2) heavy 
silt loam, very dark grayish brown (10YR 3/2) 
when rubbed; weak, very fine and fine, subangular 
blocky structure parting to weak to moderate, fine, 
granular; friable; neutral; gradual, smooth bound- 


ary. 

B21—20 to 27 inches, very dark grayish-brown (10YR 3/2) 
heavy silt loam, tending to dark grayish brown 
(10YR 4/2); brown (10YR 3/3) when rubbed; 
weak, very fine and fine, subangular blocky struc- 
ture; friable; neutral; gradual, smooth boundary. 

B22—27 to 35 inches, dark-brown (10YR 3/3) heavy loam, 
brown (10YR 4/3) when crushed; weak, very fine 
and fine, subangular blocky structure; friable; neu- 
tral; gradual, smooth boundary. 

IIB31—35 to 41 inches, brown (10YR 4/3) sandy loam; 
weak, very fine and fine, subangular blocky struc- 
ture; very friable; neutral; clear, smooth bound- 


ary. 
IIB32—41 to 46 inches, brown (10YR 4/3) sandy loam; 
weak, very fine and fine, subangular blocky struc- 


ture; very friable; neutral; clear, smooth bound- 


ary. 
ПІС--46 to 60 inches, gravel; mildly alkaline; strong effer- 
vescence. 


The A horizon is 12 to 22 inches thick. It is black (10YR 
2/1) or very dark brown (10YR 2/2) in the upper part and 
very dark brown (10YR 2/2) or very dark grayish brown 
(10YR 3/2) in the lower part. It is silt loam or light silty 
clay loam and is neutral or slightly acid. 

The B horizon is 26 to 40 inches thick. It is very dark 
grayish brown (10YR 3/2) or dark brown (10YR 3/3) in 
the upper 6 to 12 inches and brown (10YR 4/3) or dark 
yellowish brown (10YR 4/4) in the rest of the horizon. The 
Bi and B2 horizons are light silty clay loam, light clay 
loam, silt loam, or heavy loam. The B3 horizon ranges from 
heavy loam to sandy loam. The B horizon is neutral or 
slightly acid. 

Тһе solum commonly extends to the underlying sand or 
gravel and, in places, extends а few inches into the coarse 
material. The sand or gravel typically is leached of carbon- 
ates to a maximum depth of 6 inches. 

In some profiles the B horizon is sandier than is defined 
as within the range of the Graceville series. This does not, 
RONGYOT, significantly affect the use and behavior of these 
50118. 

Graceville soils are near Wadena soils, and their profiles 
are similar. Depth to sand or gravel is 4 to 5 feet in Grace- 
ville soils and is only 2 ох 8 feet іп Wadena soils. 

Graceville silt loam, 0 to 2 percent slopes (116). 一 This 
soil is at intermediate elevations on stream benches. 
Some areas are as large as 200 or 800 acres. The profile 
of this soil is the one described as representative of the 
series. 

Included with this soil in mapping were small areas 
of Dickman and Wadena soils, which are moderately 
droughty. 

This soil 18 well suited to row crops. It is susceptible 
to soil blowing, but this generally is not a serious haz- 
ата. Capability unit 1-1. 

Graceville silt loam, 2 to 5 percent slopes (1168).— 
This soil is on convex ridges or humps on stream 
benches. Most areas in the Big Sioux River Valley are 
long and narrow and are on slightly elevated ridges. 
Areas in the smaller valleys are on humps, а few feet 
above the flood plain. 

This soil has а profile similar to the one described as 
representative of the series, but the surface layer is not 
so thick and, the average depth of the underlying sand 
and gravel is less. | 

Included with this soil in mapping were some areas 
of Wadena and Dickman soils. Some of these soils are 
droughty. | 

This soil is well suited to row crops. It is susceptible 
to erosion. Capability unit Пе-2. 


Hamburg Series 


The Hamburg series consists of somewhat exces- 
sively drained, calcareous, silty soils that formed in 
loess. These soils have natural terraces, or catsteps, 
that are caused by slumping of sections of the soil ma- 
terial. Slope ranges from 30 to 75 percent. 

In a representative profile the surface layer is dark 
grayish-brown, calcareous, very friable silt loam about 
5 inches thick. Below this, and extending to a depth of 
60 inches or more, is brown, calcareous, very friable 
silt loam that has brownish mottles. 

These soils have moderate permeability. They have 
high to very high available water capacity and low 
organic-matter content. They are very low in available 
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nitrogen and phosphorus and high in available potas- 
sium. The surface layer is mildly alkaline or moderately 
alkaline and is high in lime. These soils have a deep 
rooting zone. 

Areas of these soils are used for pasture. 

Representative profile of Hamburg silt loam, 30 to 75 
percent slopes, in а pasture about 11 miles west of the 
town of Hinton; 360 feet north and 200 feet west of 
the southeast corner of NEV, sec. 4, T. 90 N., В. 48 W.: 


A1—0 to 5 inches, dark grayish-brown (10YR 4/2) silt 
loam; weak, fine, granular and weak, very fine, 
subangular blocky structure; very friable; moder- 
ately alkaline; strong effervescence; clear, irregu- 
lar boundary. : 

C1—5 to 19 inches, brown (10YR 4/8 tending to 5/3) silt 
loam; weak, very fine, subangular blocky structure 
in upper few inches and massive below; very fria- 
ble; common light-gray lime concretions and few 
streaks of lime; moderately alkaline; strong effer- 
vescence; gradual, smooth boundary. 

C2—19 to 31 inches, brown (10YR 5/3) silt loam; massive; 
very friable; free lime occurs more as streaks and 
specks than as concretions; moderately alkaline; 
strong effervescence; gradual, smooth boundary. 

C3—31 to 60 inches, brown (10YR 5/3) silt loam; few, fine, 
faint, yellowish-brown (10YR 5/6) mottles; mas- 
sive; very friable; common lime streaks and specks; 
some evidence of stratification, mainly as yellowish- 
brown (10YR 5/6) deposits of iron and manganese 
on horizontal faces; moderately alkaline; strong 
effervescence. 


The A horizon is dark grayish brown (10YR 4/2), very 
dark grayish brown (10YR 3/2), dark brown (10YR 3/3), 
or brown (10YR 4/3). It is 6 inches thick where values are 
less than 3.5 and about 10 inches thick where values are 
greater than 3.5. It is calcareous and is mildly alkaline or 
moderately alkaline. Carbonate concretions are on the sur- 
face in places. . 

The C horizon is brown (10YR 4/3 or 5/3) or yellowish 
brown (10YR 5/4). It is dominantly silt loam, but in a few 
places it is silt. Mottles are few to many and are commonly 
strong brown, reddish brown, or gray. 

Hamburg and Ida soils occupy similar positions on the 
landscape, and they have a similar profile. Hamburg soils, 
however, have less clay than Ida soils. 


Hamburg silt loam, 30 to 75 percent slopes (26).— 
This soil is on hillsides and is high on the landscape. 

Included with this soil in mapping were areas of 
moderately sloping or strongly sloping soils on ridge- 
tops 50 to 100 feet wide. Also included were areas of 
Hamburg soils where slopes are more than 75 percent. 
In places a few areas of glacial till or bedrock outerop 
are near the base of hills. The outcrop is shown on the 
soil map by a special symbol. 

This soil is suited to pasture, but steepness of slope 
severely limits its use. It is extremely susceptible to 
erosion. It is too steep to permit use of regular farm 
machinery ; consequently, pastures are in native grasses. 
If pastures are overgrazed, little can be done to speed 
renovation. Runoff is rapid because slopes are steep. 
This soil tends to be droughty. Yucca and other plants 
that are common to dry climates grow in places. Few 
if any trees are on this Hamburg soil, but trees are 
common on adjacent soils. Capability unit VIIe-1. 


Ida Series 


The Ida series consists of well-drained, calcareous, 
silty soils that formed in loess. Most areas of Ida soils 
are on convex hillsides, and slopes typically face south 


or west, where runoff is rapid. The less sloping areas 
of Ida soils are on narrow convex ridgetops. Slope 
ranges from 2 to 40 percent. 

In a representative profile the surface layer is dark 
grayish-brown, very friable, calcareous silt loam about 
8 inches thick. The substratum is dark yellowish-brown 
and yellowish-brown, very friable, calcareous silt loam. 
Lime nodules are on the surface in places. 

Ida soils have moderate permeability and very high 
available water capacity. They have moderately low to 
low organic-matter content, depending on the amount 
of erosion that has taken place. Тћеу are generally very 
low in available nitrogen and phosphorus and medium 
to high in available potassium. The surface layer typi- 
cally is moderately alkaline and is high in lime. These 
soils have а deep rooting zone. 

The less sloping Ida soils are generally used for crops, 
and the steeper soils are used for pasture. In places 
young trees grow in pastures. 

Representative profile of Ida silt loam, 9 to 14 percent 
slopes, severely eroded, in a meadow about 7 miles west 
of the town of Hinton; 170 feet west and 432 feet north 
at the southeast corner of МЕМ, sec. 32 T. 91 N, R. 47 


Ар—0 to 8 inches, dark grayish-brown (10YR 4/2) silt 
loam, brown (10YR 4/3) when crushed; weak, 
fine, granular structure; very friable; many lime 
concretions; moderately alkaline; strong efferves- 
cence; clear, smooth boundary. 

С1—8 to 18 inches, dark yellowish-brown (10YR 4/4) silt 
loam, yellowish brown (10YR 5/4) when crushed; 
weak, fine, granular structure; very friable; many 
lime concretions; moderately alkaline; strong effer- 
vescence; gradual, smooth boundary. 

C2—18 to 26 inches, yellowish-brown (10YR 5/4) silt loam; 
few, fine, faint, yellowish-brown (10YR 5/6) to 
strong-brown (7.5YR 5/8) mottles; weak, fine, sub- 
angular blocky structure; very friable; few lime 
concretions and a few dark-colored iron and man- 
ganese concretions; moderately alkaline; strong 
effervescence; gradual, smooth boundary. 

C3— 26 to 60 inches, yellowish-brown (10YR 5/4) silt loam, 
light yellowish brown (10YR 6/4) when crushed; 
common, fine, faint, yellowish-brown (10YR 5/6) 
to strong-brown (7.5YR 5/8) mottles and common, 
fine, distinct, light-gray (10YR 6/1) mottles; mas- 
sive; very friable; few lime concretions and few 
dark-colored iron and manganese concretions; mod- 
erately alkaline; strong effervescence. 


The А1 or Ap horizon is very dark grayish brown (10YR 
3/2) in slightly eroded places. In undisturbed areas the Al 
horizon is 3 to 6 inches thick. In severely eroded places the 
Ap horizon is brown (10YR 4/3 to 10YR 5/8) or dark 
yellowish brown (10YR 4/4) and many lime nodules are on 
the surface. The A horizon ranges from neutral to moder- 
ately alkaline. 

The C horizon is brown (10YR 4/3 or 10YR 5/3), dark 
yellowish brown (10YR 4/4), or yellowish brown (10YR 
5/4). Depth to mottles ranges from about 10 to 30 inches. 
Vertical cleavage or prismatic structure occurs in the upper 
part of the C horizon in some profiles. 

Ida soils are near Monona and Hamburg soils. They 
are calcareous, and Monona soils are not. In addition, they 
lack a distinct, brownish B horizon that is characteristic 
of Monona soils, and they have lower organic-matter con- 
tent and natural fertility than those soils. They have a pro- 
file similar to that of Hamburg soils, but they contain more 
clay and less sand. 


Ida silt loam, 2 to 5 percent slopes, severely eroded 
(183). This soil is on ridgetops. Most areas are less 
than 10 acres and occur as patches surrounded by Galva 
or Monona soils. On a few ridgetops, however, long, nar- 
row strips of this soil are as large as 20 acres. Many 
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Figure 10.—Light-colored areas of Ida silt loam, 5 to 9 percent slopes, severely eroded, intermingled with darker colored areas of 
` Galva silty clay loam, 5 to 9 percent slopes, moderately eroded. 


very small areas are shown on the soil map by a special 
symbol. 

This soil has a profile similar to the one described as 
representative of the series, but where erosion is less 
severe, the surface layer is very dark grayish brown. 
These areas lack the lime eoncretions on the surface 
that are in the representative profile. 

This soil is well suited to row crops, but it is suscep- 
tible to erosion. Fertility is low, but crops respond well 
to fertilizer. Capability unit IIe-2. 

Ida silt loam, 5 to 9 percent slopes, severely eroded 
m. soil is on many ridgetops and on hillsides. 

ome areas on ridgetops are 400 to 500 feet wide and 
more than № mile long. Areas on hillsides generally 
are about 5 to 20 acres (fig. 10). 

This soil has a profile similar to the one described as 
representative of the series, but in less eroded places 
the surface layer is very dark grayish brown. 

Included with this soil in mapping were areas, 1 or 
2 acres in size, of sandy or gravelly soils or soils that 
formed in glacial till. These areas are shown on the soil 
map by a special symbol. 

This soil is suited to row crops, but erosion is a se- 
vere hazard. The steeper areas are commonly used for 
pasture or hay along with adjoining soils. This soil is 


well suited to this use. Capability unit IIIe-1. 

Ida silt loam, 9 to 14 percent slopes, severely eroded 
(1D3).—This soil is оп ridgetops and hillsides. The areas 
generally are large. Some hillsides are made up entirely 
of this soil. The profile of this soil is the one described 
as representative of the series. 

Included with this soil in mapping were small areas 
of Steinauer soils. These areas are shown on the soil 
map by a symbol for till. Also included were patches of 
soils that formed in glacial outwash or sand. They are 
shown on the soil map by a special symbol for gravel 
or sand. À grayish soil that has reddish and brownish 
mottles and iron concretions was also included. This soil 
is in narrow strips along the contour of hillsides. 

This Ida soil is well suited to hay or pasture. It is 
suitable for row crops if measures are used to help con- 
trol erosion. It is very susceptible to erosion. Excessive 
runoff reduces the amount of water available to crops, 
and crops are likely to be damaged in years when mois- 
ture is limited. Capability unit IIIe-2. 

Ida silt loam, 14 to 20 percent slopes, severely eroded 
(1E3).—This soil is on hillsides. Areas commonly form 
entire hillsides and extend for a mile or more along the 
contour of the land. 

Included with this soil in mapping were narrow 
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strips of а grayish soil that has brownish and reddish 
mottles and iron concretions. Also included were small 
areas of Steinauer soils and areas, 1 or 2 acres in size, 
of gravelly and sandy soils. These areas are shown on 
the soil map by special symbols. Included in the west- 
ern part of the county were areas of bedrock outcrop 
and areas of soils, less than 5 acres in size, that are 
moderately deep over bedrock. These areas are shown 
on the soil map by special symbols. In places bedrock 
is not at the surface, but the soil is so shallow that bed- 
rock hinders cultivation. Springs or seepy spots are in 
some of these places. 

This soil is well suited to hay or pasture. Slope does 
not prevent the use of farm machinery. Row crops can 
be grown, but this soil is very susceptible to erosion. 
Practices that adequately control erosion are difficult 
to establish, because slopes are steep. Capability unit 
IVe-1. 

Ida silt loam, 20 to 30 percent slopes, severely eroded 
(1F3).—This soil is on hillsides. Areas range from about 
10 to 100 acres. 

This soil has а profile similar to the one described as 
representative of the series, but in areas of native vege- 
tation, the surface layer is very dark grayish brown, 
and in many places it is neutral in reaction. 

Included with this soil in mapping were areas of 
bedrock outcrop. These areas are in the western part 
of the county. The bedrock outcrop is shown on the soil 
map by a symbol for rock outcrop. 

This soil is suited to pasture or hay. Much of it can 
be worked with farm machinery, although a risk is in- 
volved because slopes are steep. Row crops are planted 
occasionally, but this soil is not suited to row crops. 
The erosion hazard is very severe. А few areas have 
stands of trees. Bur oak is the dominant tree, and the 
stands are of poor quality. Little merchantable timber 
is produced. A lack of moisture, partly because runoff 
is rapid, is a limitation to use of this soil for timber or 
pasture. Capability unit VIe-1. 

Ida silt loam, 30 to 40 percent slopes, severely eroded 
(163). —This soil is intermingled with other very steep 
and steep soils on hillsides. Areas are as much as 80 
acres. Most slopes face north or east. 

This soil has a profile similar to the one described as 
representative of the series, but in many places the sur- 
face layer is darker and thicker. In these places the 
surface layer is neutral or mildly alkaline. 

Included with this soil in mapping were bowllike 
areas around hillside drainageways. These areas are 
not so steep or so dry as others, and trees commonly 
grow in these places. Also included were areas of bed- 
rock outcrop, which are shown on the soil map by à 
special symbol. 

This soil is suited to pasture or to recreational uses. 
Use of this soil is limited by very steep slopes. Regular 
farm machinery cannot be used. This soil tends to be 
droughty because runoff is rapid. Erosion is а severe 
hazard. Capability unit VIle-1. 

Ida-Wadena complex, 5 to 14 percent slopes, severely 
eroded (!!4D3)]——This complex is on terrace escarp- 
ments. Ida soils make up 50 to 75 percent of the com- 
plex; Wadena soils, 15 to 30 percent; and minor soils, 
the rest. Areas typieally are 150 to 800 feet wide and 
extend to as much as % mile between the flood plain 
and the nearly level or gently sloping stream bench. 


Wadena soils are in 1- to 5-acre patches on convex 
knobs. The patches typically are about 200 to 400 feet 
apart. 

The Ida soil has a profile similar to the one described 
as representative of the Ida series, but sand and gravel 
are at a shallower depth. Тһе Wadena soil has a profile 
similar to the one described as representative of the 
Wadena series, but the surface layer is thinner and 
lighter colored. It also has more pebbles and cobbles on 
the surface than is typical. 

Included with these soils in mapping was a soil simi- 
lar to Galva soils. It is underlain at a depth of 2 to 3 
feet by sand or gravel and occurs as a narrow belt at 
the base of slopes. 

This complex is well suited to hay or pasture and is 
suited to row crops. It is subject to erosion and is 
droughty in places. Rocks on the surface hinder farm 
operations, and some rocky areas are left in meadow 
when the rest of the complex is plowed. Capability unit 

e-3. 


Kennebec Series 


The Kennebec series consists of moderately well 
drained silty soils that formed in alluvium. These soils 
are on flood plains and gently sloping foot slopes. Slope 
is 0 to 5 percent. 

In a representative profile the surface layer is very 
dark brown, friable silt loam and light silty clay loam 
about 32 inches thick. It grades to very dark grayish 
brown in the lower part. Below this is dark grayish- 
brown, friable light silty clay loam. 

These soils have moderate permeability. They have 
very high available water capacity and high organic- 
matter content. They are medium to low in available 
nitrogen and medium in available phosphorus and po- 
tassium. The surface layer generally is neutral in re- 
action. These soils have a deep rooting zone. 

Kennebec soils generally are used for cultivated 
crops. In places less accessible areas and areas that are 
subject to flooding are used for pasture. Stands of trees 
are in some pastures. 

Representative profile of Kennebec silt loam, 0 to 2 
percent slopes, in an oatfield near the northwest cor- 
ner of the county ; 50 feet south of the northeast corner 
of NWIANEHTA sec. 5, T. 93 N., В. 48 W.: 


Ар—0 to 7 inches, very dark brown (10YR 2/2) silt loam; 
weak, medium, subangular blocky structure part- 
ing to moderate, very fine and fine, subangular 
blocky; friable; natural; abrupt, smooth boundary. 

А12--7 to 15 inches, very dark brown (10YR 2/2) light 
silty clay loam; weak, medium, subangular blocky 
structure parting to moderate, very fine and fine, 
subangular blocky; stronger structure than in Ар 
horizon; friable; slightly acid; gradual, smooth 
boundary. | 

А18—15 to 21 inches, very dark brown (1078 2/2) light 
silty clay loam; moderate, medium, subangular 
bloeky strueture parting to moderate, very fine and 
fine, subangular bloeky; friable; neutral; gradual, 
smooth boundary. 

А14--21 to 32 inches, very dark grayish-brown (10YR 3/2) 
to very dark brown (10YR 2/2) light silty clay 
loam; moderate, medium, subangular blocky struc- 
ілге parting to moderate, very fine and fine, sub- 
angular blocky; friable; neutral; gradual, smooth 
boundary. 

АС--32 to 44 inches, very dark grayish-brown (10YR 8/2) 
light silty clay loam, very dark grayish brown 
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(10YR 3/2) when kneaded; weak, medium, pris- 
matic structure parting to moderate, very fine and 
fine, subangular blocky; friable; neutral; diffuse, 
smooth boundary. 

C2—44 to 60 inches, dark grayish-brown (10YR 4/2) light 
silty clay loam; very dark grayish-brown (10YR 
3/2) coatings on ped faces; weak, medium, pris- 
matic structure in upper part, massive in lower 
part; friable; neutral to a depth of 47 inches, 
mildly alkaline below. 


The А horizon is 30 to 40 inches thick. It is black (10YR 
2/1) or very dark brown (10YR 2/2). In most profiles it 
grades to very dark grayish brown (10YR 3/2) in the lower 
part, and in a few places to very dark gray (10YR 3/1). 
In places the color of the upper 6 to 15 inches is about one 
value or one chroma higher than that of the underlying 
part. This results from more recent sediment being deposited 
on the original А horizon. The A horizon is silt loam or light 
silty clay loam and is 25 to 30 percent clay. 

Тће boundary to the C horizon is indistinct, and ап AC 
horizon, 6 to 12 inches thick, is described in most profiles. 
The AC horizon ranges from black (10YR 2/1) to very 
dark grayish brown (10YR 3/2). 

The C horizon is generally very dark grayish brown 
(10YR 3/2) and dark grayish brown (10YR 4/2), but it is 
darker in à few places. It is silt loam or light silty clay 
loam. It generally is about 5 percent sand but is as much as 
15 percent in a few places. 

Kennebec silty clay loam, 0 to 2 percent slopes, is slightly 
finer textured than is defined for the range of the Kennebec 
series. This does not, however, significantly affect the use 
and behavior of this soil. 

Kennebec soils have a profile somewhat similar to that of 
Colo and Salix soils, and they occupy similar positions on 
the landscape. They are about 28 percent clay throughout, 
whereas Colo soils are about 34 percent clay. They have 
better natural drainage than Colo soils. They lack the alka- 
line, calcareous C horizon above a depth of 40 inches that is 
typical of Salix soils. 


Kennebec silt loam, 0 to 2 percent slopes (212).—This 
soil is on flood plains. Most areas are in the larger 
stream valleys. Some areas are more than 100 acres in 
size. The profile of this soil is the one described as rep- 
resentative of the series. 

Included with this soil in mapping were places where 
overwash is 6 to 12 inches thick and ranges from cal- 
careous silt loam to noncalcareous sandy loam. Many 
of the overwashed soils are in low-lying areas that are 
frequently flooded. 

This soil is well suited to row crops. The main limi- 
tation is the flood hazard, and this generally is only а 
slight problem. Levees have been built in places. Capa- 
bility unit I-1. 

Kennebec silt loam, 2 to 5 percent slopes (2128).— 
This soil commonly occurs as long strips 200 to 400 feet 
wide. Some strips are along the edges of larger valleys, 
between steep soils on hillsides and nearly level bottom- 
land soils. Others occupy narrow valleys. 

This soil has a profile similar to the one described as 
representative of the series, but it is browner and has 
better natural drainage. Recent deposits of light-col- 
огей, calcareous silt loam overwash are common. Тһе 
overwash is up to 15 inches thick. 

Included with this soil in mapping were areas where 
the overwash is thicker. Also included were many areas 
that are frequently flooded. 

This soil is well suited to row crops, but many areas 
are small and must be managed with adjoining soils on 
hillsides, particularly where an active gully is in the 
center of the Kennebec soil area. Pasture, hay, or trees 
are suitable crops in those places. This soil receives 
runoff from soils upslope. Rill erosion and siltation are 


hazards unless erosion-control measures are used. Ca- 
pability unit Пе-1. 

Kennebec silt loam, channeled, 0 to 2 percent slopes 
(C212).—This soil is on flood plains next to the stream 
channel. Areas consist of parts of the flood plain that 
are cut by former channels and are most subject to 
flooding. 

This soil has a profile similar to the one described as 
representative of the series, but it is slightly sandier. 

Included with this soil in mapping were small patches 
of soils too sandy to be classified as Kennebec soils. Also 
included in most places were areas where recent over- 
wash is 10 to 15 inches thick. This overwash commonly 
has thin layers of sand. In a few places, mostly close 
to the stream, it is 2 to 4 feet thick. These areas are 
especially common along the Floyd River in the south- 
ern part of the county. 

Use of this soilis limited by flooding and by former 
stream channels. Some of the old channels are deep 
and contain water most of the time; others are almost 
completely filled and do not seriously hinder farm op- 
erations. Levees have been built on some farms, but 
most are away from the stream and some areas are 
unprotected. This soil is well suited to pasture. Row 
erops ean be grown if the limitations can be overcome. 
Capability unit Vw-1. 

Кеппеђес silty clay loam, 0 to 2 percent slopes (26). 
一 This soil is at intermediate elevations on flood plains. 
Areas range from 40 acres to about 200 acres. 

This soil has а profile similar to the one described 
as representative of the series, but it is slightly finer 
textured throughout. Natural drainage is not quite so 
good as in other Kennebec soils. 

Included with this soil in mapping were small areas 
of Colo soils that are more poorly drained. 

This soil is well suited to row crops. It is suscep- 
tible to flooding, but most floods come early in spring 
before planting time. Many areas are protected by 
levees. Capability unit 1—1. | 

Kennebec-McPaul silt loams, 2 to 5 percent slopes 
{19В).—Тһіѕ complex is along the edges of the larger 
valleys and is in narrow valleys, where it makes up the 
entire valley. Kennebec silt loam, 2 to 5 percent slopes, 
makes up about 50 percent of the complex; Kennebec 
silt loam, 0 to 2 percent slopes, 25 percent; and McPaul 
silt loam, 0 to 5 percent slopes, 25 percent. Areas gen- 
erally are 100 to 400 feet wide and 15 mile or more 
long. The McPaul soil is most common in places where 
silt is deposited, such as behind fences or along roads. 

The Kennebec soils have a profile similar to the one 
described as representative of the Kennebec series, but 
they typically have up to 15 inches of light-colored, 
calcareous silt loam overwash on the surface. The 
McPaul soil has a profile similar to the one described 
as representative of the McPaul series, but it com- 
monly has а buried soil of dark-colored, noncalcareous 
light silty clay loam at a depth of 2 to 3 feet. The buried 
soil is shallower and slightly finer textured than is 
typical of the McPaul series. 

These soils are well suited to row crops. They gen- 
erally are farmed, however, with soils on adjoining 
hillsides that are less well suited. Тћеу are sus- 
ceptible to erosion and siltation. Some areas have an 
active gully in the center. Low-lying areas are subject 
to flooding or are wet. Capability unit IIe-1. 
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Luton Series 


The Luton series consists of poorly drained clayey 
soils that formed in alluvium. These soils are on flood 
plains. Slope ranges from 0 to 1 percent. 

In à representative profile the surface layer is black, 
firm silty clay about 14 inches thick. Тһе subsoil is 
firm silty clay that extends to а depth of about 44 
inches. It is very dark gray in the upper few inches; 
the rest is olive gray and dark gray and has yellowish- 
red and yellowish-brown mottles. The substratum is 
mottled, olive-gray, firm silty clay. 

These soils have very slow to slow permeability. 
They have moderate available water capacity and high 
organic-matter content. They are medium to low in 
available nitrogen, very low in available phosphorus, 
and high in available potassium. The surface layer 
generally is neutral in reaction. These soils have а deep 
rooting zone, but root growth is sometimes restricted 
by a seasonal high water table. 

These soils generally are used for cultivated crops. 

Representative profile of Luton silty clay, 0 to 1 per- 
cent slopes, in a soybean field near the southwest corner 
of the county; 75 feet north and 50 feet west of the 
southeast corner of SWIASE14 sec. 34, T. 90 N., К. 
48 W.: 


Ар—0 to 6 inches, black (10YR 2/1) light silty clay, tend- 
ing to very dark gray (10YR 3/1); weak clods 
arting to weak, very fine and fine, subangular 
locky structure; firm; neutral; clear, smooth 


boundary. 

А12—6 to 14 inches, black (10YR 2/1) silty clay, tending to 
very dark gray (10YR 3/1); moderate, very fine, 
subangular blocky structure; firm; neutral; grad- 
ual, smooth boundary. 

В1--14 to 19 inches, very dark gray (10YR 3/1 to БҮ 3/1) 
silty clay, mixed with 10 percent olive-gray (5Y 
5/2) peds; moderate, very fine, subangular blocky 
Structure; firm; neutral; gradual, smooth bound- 


ary. 

B2g—19 to 29 inches, olive-gray (БҮ 5/2) silty clay; olive- 
gray (БУ 4/2) and dark-gray (БУ 4/1) ped faces; 
few, fine, distinct, yellowish-brown (10YR 5/6) 
mottles; moderate, very fine, subangular blocky 
and angular blocky structures; firm; very dark 
gray (10YR 3/1) coatings on a few channels; 
common pores; shiny ped coatings; neutral; smooth 
boundary. 

B3g—29 to 44 inches, olive-gray (БҮ 5/2) silty clay; olive- 
gray (БҮ 5/2) and gray (БҮ 5/1) ped faces; 
common, fine, prominent, yellowish-red (БҮК 4/6) 
and yellowish-brown (10YR 5/6) mottles; moder- 
ate, very fine, subangular blocky and angular 
blocky structure; firm; oriented slickensides have 
very dark gray (БУ 3/1) faces; neutral; gradual, 
smooth boundary. 

Cg—44 to 60 inches, olive-gray (БҮ 5/2) silty clay; com- 
mon, prominent, yellowish-brown (10YR 5/6) and 
strong-brown (7.5YR 5/6) mottles; massive; firm; 
mildly alkaline. 


In places the А horizon grades to very dark gray (10YR 
3/1 or БҮ 3/1) in the lower part. It is light silty clay 
or clay. 

The B1 horizon is lacking in many places, but most of 
these places have an A3 horizon instead. The B horizon is 
light silty clay or clay. It is neutral or mildly alkaline. 
Depth to mottles corresponds fairly closely to depth to the 
B2 horizon. 

The C horizon is dominantly silty clay or clay, but in 
places it has strata of coarser texture. 

Depth to colors with value of 3.5 or lighter ranges from 
10 to 85 inches, which is outside the range defined for 
the Luton series. This difference does not alter the use or 
behavior of these soils. 


Luton and Albaton soils formed in clayey alluvium in 
similar positions on the landscape. Luton soils have a 
thicker, darker colored A horizon than Albaton soils and are 
noncalcareous to a greater depth than those soils. 

Luton silty clay, 0 to 1 percent slopes (66}—This soil 
is on flood plains. А few areas are as large as 300 
acres. 

Included with this soil in mapping were small areas 
of less clayey soils and places where silty sediment as 
much as about 15 inches thick overlies the original 
surface layer. 

This soil is suited to row crops, which generally are 
grown intensively. It is quite wet, and maintaining good 
tilth is difficult because the texture is clayey. Capa- 
bility unit IIIw-1. 


McPaul Series 


The McPaul series consists of well drained to mod- 
erately well drained, calcareous, silty soils that formed 
in alluvium. These soils are on flood plains and foot 
slopes. Slope ranges from 0 to 5 percent. 

Іп а representative profile the surface layer is dark 
grayish-brown, very friable, calcareous silt loam about 
7 inches thick. Below this is stratified, very friable, 
calcareous silt loam that is dominantly dark grayish 
brown and very dark grayish brown. At a depth of 
about 43 inches is black, friable, calcareous silt loam, 
which was the surface layer before it was buried by 
more recent sediment. 

These soils have moderate permeability. They have 
very high available water capacity and low organic- 
matter content. They are very low in available nitrogen, 
low in available phosphorus, and high in available po- 
tassium. The surface layer generally is mildly alkaline 
or moderately alkaline and is high in lime. These soils 
have а deep rooting zone. 

Most areas of these soils are used for cultivated 
crops. The rest, especially those that are subject to 
frequent flooding, are used for pasture. Stands of trees 
are in some pastures. 

Representative profile of МеРаш silt loam, 0 to 2 
percent slopes, in a meadow about 7 miles southwest 
of the town of Westfield; 450 feet west and 625 feet 
south Y northeast corner of SW1⁄4 sec. 27, T. 91 N., 


Ар—0 to 7 inches, dark grayish-brown (10YR 4/2) silt 
loam; some mixing of very dark grayish-brown 
(10YR 3/2) peds; clods part to weak, fine, gran- 
ular structure; very friable; mildly alkaline; 
Strong effervescence; abrupt, smooth boundary. 

С—7 to 43 inches, stratified, dark grayish-brown (10YR 
4/2) and very dark grayish-brown (10YR 3/2) silt 
loam; few strata of brown (10YR 5/3), yellowish 
brown (10YR 5/4), and grayish brown (10YR 
5/2); few fine, distinct, brown (7.5YR 4/4) and 
strong-brown (7.5YR 5/6) mottles on horizontal 
cleavage faces in the lower part; massive but has 
horizontal cleavage; very friable; moderately alka- 
line; strong effervescence; clear, smooth boundary. 

Ab—43 to 60 inches, black (10YR 2/1) silt loam; weak, 
very fine, subangular blocky structure; friable, 
mildly alkaline; weak effervescence. 


In places the Ap horizon is very dark grayish brown 
(10YR 3/2). It ranges from neutral to moderately alkaline 
and is noncalcareous іп a few places. 

The C horizon is stratified. Most strata are silt loam, but 
they differ in color. In а few profiles, thin strata of silty 
clay loam or of material coarser than silt loam occur. The C 
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horizon commonly is mildly alkaline or moderately alkaline, 
but in a few profiles it has thin strata that are neutral. 

An Ab horizon of black silt loam or light silty clay loam 
is in most profiles. The upper boundary generally is between 
depths of 30 and 48 inches. 

McPaul soils have a profile somewhat similar to that of 
Omadi and Radford soils, and they are in similar positions 
on the landscape. They are calcareous silt loam, whereas 
Radford soils are noncaleareous silty clay loam. They gen- 
erally lack the sandy strata that are typical in Omadi soils, 
and they are also higher colored than those soils. 


MePaul silt loam, 0 to 2 percent slopes (70 — ТЕ 
soil is on flood plains. The largest areas are along 
streams, such as Perry Creek, Broken Kettle Creek, 
and Westfield Creek. These areas are about one-fourth 
mile wide, and they extend for miles along the valleys. 
The profile of this soil is the one described as repre- 
sentative of the series. 

Included with this soil in mapping were many low- 
lying areas that are flooded frequently. 

'This soil is well suited to row crops, which are gen- 
erally grown intensively. Flooding is а hazard, but 
some areas are rarely flooded. Most areas are flooded 
only occasionally. Capability unit I-1. 

McPaul-Kennebec silt loams, 2 to 5 percent slopes 
(185) This complex is іп narrow valleys. Nearly level 

cPaul soils, in the centers of valleys, make up about 
33 percent of the complex ; gently sloping McPaul soils, 
about 33 percent; and gently sloping Kennebec soils, 
the rest. Many areas occupy the entire width of the 
valley and extend for а mile or more. А few areas are 
on foot slopes along the edges of larger valleys. 

The McPaul soils have а profile similar to the one 
described as representative of the McPaul series. Тће 
Kennebec soils have a profile similar to the one de- 
scribed as representative of the Kennebec series, but 
up to 15 inches of light-colored, calcareous silt loam 
overwash is present in many places. 

Included with these soils in mapping were severely 
gullied places in the centers of valleys and places that 
are subject to frequent flooding. Also included were 
areas of moderately sloping and strongly sloping soils 
along the edges and in the upper reaches of valleys. 

Accessible areas of these soils are commonly planted 
to row crops and are well suited to this use. Areas in 
small valleys and in inaccessible places generally are 
managed with adjoining soils on uplands. Such areas 
are most commonly in pasture. Sheet and rill erosion, 
siltation, and growth of existing gullies are hazards 
in areas that receive runoff from adjacent hills. Capa- 
bility unit Пе-1. 


Modale Series, Dark Subsoil Variant 


The Modale series, dark subsoil variant, consists of 
moderately well drained to somewhat poorly drained, 
calcareous, silty soils that are underlain at а depth of 
about 2 or 3 feet by clayey sediment. These soils formed 
in alluvium on flood plains. Slope ranges from 0 to 2 
percent. 

In a representative profile the surface layer is very 
dark grayish-brown, calcareous, friable silt loam about 
8 inches thick. It is underlain by stratified sediment 
that is dominantly very dark grayish-brown, calcare- 
ous, friable silt loam. At a depth of 26 inches is a layer 
of very dark gray, calcareous, firm silty clay 5 inches 


thick. Below this is dark grayish-brown, calcareous, 
firm silty clay. 

These soils have moderate permeability in the upper 
part and very slow to slow permeability in the clayey 
substratum. They have high available water capacity 
and low organic-matter content. They are very low in 
available nitrogen and phosphorus and high in avail- 
able potassium. The surface layer generally is mildly 
alkaline and high in lime. Root growth is restricted 
to some extent by the clayey sediment, especially where 
there is а seasonal high water table. 

Most areas of these soils are used for cultivated 
crops. 

Representative profile of Modale silt loam, dark sub- 
soil variant, 0 to 2 percent slopes, in an alfalfa field 
about 5 miles north of the southwest corner of the 
county; 400 feet west and 530 feet north of the south- 
east corner of SWIASE!A sec. 4, T. 90 N., В. 48 W.: 


Ар—0 to 8 inches, very dark grayish-brown (10YR 3/2) 
silt loam, grayish brown (10YR 5/2) when dry; 
stratification is evident, and dark grayish-brown 
coatings are on some horizontal cleavage faces; 
clods part to weak, fine, granular and very fine, 
subangular blocky structure; friable; mildly alka- 
line; slight effervescence; abrupt, smooth bound- 


ary. 

C—8 to 26 inches, stratified, very dark grayish-brown 
(10YR 3/2) silt loam; dark grayish-brown (10YR 
4/2) and grayish-brown (10YR 5/2) coatings on 
horizontal faces and thin strata; massive; friable; 
charred stems and roots at a depth of 24 to 26 
inches; moderately alkaline; strong effervescence; 
clear, smooth boundary. 

ILAb—26 to 31 inches, very dark gray (10YR 3/1) silty 
clay; strong, fine, granular structure; firm; mod- 
erately alkaline; strong effervescence; gradual, 
smooth boundary. 

IIB1bg—31 to 41 inches, dark grayish-brown (2.5У 4/2) 
silty clay; few dark-gray (10YR 4/1) coatings on 
ped faces; few, fine, prominent, strong-brown 
(7.5YR 5/6) mottles; strong, very fine, subangular 
blocky and angular blocky structure; firm; mildly 
alkaline; strong effervescence; gradual, smooth 
boundary. 

IIB2bg—41 to 60 inches, dark grayish-brown (2.5Y 4/2) 
silty clay; few dark-gray (10YR 4/1) coatings on 
ped faces; common, fine, prominent, yellowish-red 
(БУВ 5/6) and strong-brown (7.5YR 5/6) mot- 
tles; strong, very fine, subangular and angular 
blocky structure; firm; moderately alkaline; strong 
effervescence. 


The A horizon is 6 to 10 inches thick and is very dark 
gray (10YR 3/1) or very dark grayish brown (10YR 3/2). 
It is neutral and noncalcareous or mildly alkaline and cal- 
careous. 

The C horizon is stratified silt loam 8 to 24 inches thick. 
It is dominantly very dark grayish brown (10YR 3/2) or 
dark grayish brown (10YR 4/2) and is mildly alkaline 
or moderately alkaline. 

Depth to the upper boundary of the clayey substratum is 
18 to 30 inches. The ПАЂ horizon is very dark gray (10YR 
8/1) or very dark grayish-brown (10YR 3/2) silty clay or 
clay that is mildly alkaline or moderately alkaline. The IIBb 
horizon is dark grayish-brown (2.5Y 4/2), olive-gray (5Y 
5/2), or grayish-brown (2.5Y 5/2) silty clay or clay. 

Modale soils, dark subsoil variant; McPaul soils; and 
Omadi soils formed in stratified, caleareous silt loam allu- 
vium. Modale soils, dark subsoil variant, have a clayey sub- 
stratum, which McPaul and Omadi soils lack. 


Modale silt loam, dark subsoil variant, 0 to 2 percent 
slopes (149).—This soil is on flood plains. Typical areas 
are 30 to 40 acres in size. 

Included with this soil in mapping were places where 
the silty layer is only 10 to 18 inches deep over the 


PLYMOUTH COUNTY, ТОМА 28 


clayey substratum. Also included were low-lying areas 
that are subject to frequent flooding. 

This soil 18 subject to flooding, but only the lowest 
elevations are seriously affected. It is well suited to 
row crops, which generally are grown intensively. 
Capability unit 1—1. 


Monona Series 


The Monona series consists of well-drained silty soils 
that formed in loess. Most of these soils are on ridge- 
tops and hillsides, but some are on stream benches. 
Slope ranges from 0 to 20 percent. 

In a representative profile the surface layer is very 
dark brown, friable silt loam about 11 inches thick. 
The subsoil is dark-brown to brown, friable silt loam 
that extends to a depth of 40 inches. The substratum is 
calcareous, yellowish-brown, friable silt loam that has 
common grayish mottles. 

Monona soils have moderate permeability and very 
high available water capacity. They are typically mod- 
erately low or moderate in organie-matter content, but 
the amount is variable and depends on the degree of 
erosion. These soils are low in available nitrogen and 
phosphorus and high in available potassium. The sur- 
face layer and upper part of the subsoil generally are 
neutral or slightly acid. These soils have a deep root- 
ing zone. 

These soils are used mainly for cultivated crops. 
Some of the more sloping areas are in pasture. 

Representative profile of Monona silt loam, 2 to 5 
percent slopes, in а meadow about 7 miles west of the 
town of Hinton ; 45 feet south and 560 feet west of the 
northeast corner of ЗЕДМЕМ sec. 32; T. 91 N., В. 
47 W.: 


Ар—0 to 7 inches, very dark brown (10YR 2/2) heavy silt 
loam, very dark grayish brown (10YR 3/2) when 
crushed; weak, fine, granular structure; friable, 
many roots; slightly acid; clear, smooth boundary. 

A8—7 to 11 inches, very dark brown (10YR 2/2) heavy silt 
loam, tending to very dark grayish brown (10YR 
8/2) when crushed; weak, fine, subangular blocky 
structure; friable; many roots; neutral; gradual, 
smooth boundary. 

11-11 to 17 inches, dark-brown (10YR 3/3) silt loam, 
brown (10YR 4/3) when crushed; a few very dark 
grayish-brown (10YR 3/2) coatings on ped faces 
in the upper part; weak, fine, subangular blocky 
structure; friable; few, fine, fibrous roots; neutral; 
gradual, smooth boundary. 

B21—17 to 23 inches, brown (10YR 4/3) silt loam, dark 
yellowish brown (10YR 4/4) when crushed; weak, 
fine, subangular blocky structure; friable; many 
very fine pores; neutral; gradual, smooth bound- 


ary. 

B22—23 to 33 inches, brown (10YR 4/3) silt loam, dark 
yellowish brown (10YR 4/4) when crushed; weak, 
fine and medium, subangular blocky structure; 
very friable; many fine pores; neutral; gradual, 
smooth boundary. 

B3— 33 to 40 inches, brown (10YR 4/3) silt loam, dark yel- 
lowish brown (10YR 4/4) when crushed; weak, 
fine and medium, subangular blocky structure; 
very friable; many fine pores; neutral; gradual, 
smooth boundary. 

С1—40 to 55 inches, yellowish-brown (10YR 5/4) silt loam; 
few, fine, distinct, light-gray (N 6/0) mottles; 
massive; very friable; many fine pores; few white 
lime concretions; moderately alkaline; strong effer- 
vescence; gradual, smooth boundary. 

C2—55 to 60 inches, yellowish-brown (10YR 5/4) silt loam; 
few, fine, distinct, light-gray (N 6/0) mottles in- 


creasing to common with increasing depth; mas- 
sive; very friable; many, fine, prominent, very 
dusky red (2.5YR 2/2), soft accumulations; mod- 
erately alkaline; strong effervescence. 


In uneroded or slightly eroded areas, the A horizon is 10 
to 18 inches thick. The Ap horizon ranges from black (10YR 
2/1) to very dark grayish brown (10YR 3/2). Some pro- 
files have both an Al and an A3 horizon under the Ap 
horizon, but the Ap horizon is commonly underlain by the B 
horizon. 

The В horizon ranges from about 12 to 40 inches in thick- 
ness. Some profiles are dark yellowish brown (10YR 4/4) or 
yellowish brown (10YR 5/4) in the lower part of the B ho- 
rizon. Mottles are in the B3 horizon in places. 

The C horizon generally has brownish and grayish mot- 
tles. In places the upper part is noncalcareous and neutral 
or mildly alkaline. Lime concretions are common. 

In places, Monona soils on uplands have a thinner, lighter 
colored surface layer than is defined as within the range for 
the series. This does not significantly affect the use or be- 
havior of these soils. 

Monona and Galva soils formed in loess and have some- 
what similar profiles. Monona soils are not so fine textured 
in the upper part of the profile as Galva soils. They are 
near Ida soils, They are noncalcareous and have а В hori- 
zon, whereas Ida soils are caleareous and lack a B horizon. 


Monona silt loam, 2 to 5 percent slopes (10B). 一 This 
soil occupies ridgetops in undulating to rolling land- 
scapes. The largest areas are 600 to 800 feet wide, but 
most areas are 200 to 400 feet wide. Some extend for 
1% to 1 mile. The profile of this soil is the one described 
as representative of the series. 

Included with this soil in mapping were areas where 
the surface layer is very dark grayish brown and 5 to 
8 inches thick. Also included were nearly level areas 
of Monona soils that have a dark-colored, thicker sur- 
face layer and areas of wetter soils in small depres- 
sions. 

This soil is well suited to row crops. Erosion is a 
hazard. If maximum row cropping is planned, erosion- 
control measures are needed to prevent excessive loss 
of soil and water. Capability unit Пе-2. 

Monona silt loam, 5 to 9 percent slopes, moderately 
eroded (10C2).—This soil is on ridgetops in rolling and 
hilly landscapes. On many ridgetops it is in north- and 
east-facing areas and Ida soils occupy the other areas. 
This soil also occurs on hillsides in rolling areas. Most 
areas are on north- and east-facing slopes. 

This soil has a profile similar to the one described as 
representative of the series, but in many places plow- 
ing has mixed the very dark brown surface layer with 
the dark-brown subsoil. Also, the subsoil is thinner, 
and the soil is caleareous at a depth of only 2 or 3 feet. 

Included with this soil in mapping were 1- to 5-acre 
areas of Ida soils and areas of Monona soils where most 
of the origina] dark-colored surface layer has eroded 
away. These areas are shown on the soil map by special 
symbols. A few areas of gravel, sand, and glacial till 
also were included. 

This soil is suited to row crops, but it is susceptible 
to erosion. Adequate erosion-control measures are im- 
portant in areas of intensive row cropping. Capability 
unit IIIe-1. 

Monona silt loam, 9 to 14 percent slopes, moderately 
eroded (10D2).—This soil is on hillsides, commonly on 
north- or east-facing slopes. It is in slightly concave 
positions along the lower third of the hillsides or 
around the heads of hillside drainageways. Areas are 
about 5 to 30 acres. 
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This soil has a profile similar to the one described as 
representative of the series, but the surface layer is 
very dark grayish brown and about 7 inches thick. 
Also, the subsoil is thinner and is calcareous at a 
shallower depth. 

Included with this soil in mapping were small 
patches of severely eroded Monona soils where the 
plow layer is mostly subsoil material. Some 1- or 2-acre 
areas of Ida soils were also included. А few patches of 
sand, gravel, and glacial till were included and are 
shown on the soil map by special symbols. 

This soil is well suited to hay or pasture. It can also 
be used for row crops, but it is very susceptible to 
erosion. Capability unit Ше-2. 

Monona silt loam, 14 to 20 percent slopes, moderately 
eroded (10E2).—This soil is generally on north- and east- 
facing hillsides. Many areas are along the base of 
hills next to the valley. Others are in concave positions 
around drainageways on hillsides. 

In inaccessible areas that have not been plowed, this 
soil has a profile similar to the one described as repre- 
sentative of the series, but the subsoil is thinner and 
ealeareous material is closer to the surface. In most 
cultivated areas, the surface layer is very dark grayish 
brown and is only 6 or 8 inches thick. 

Included with this soil in mapping were small, se- 
verely eroded areas of Monona or Ida soils. Small areas 
of sand, gravel, and glacial till also were included and 
are shown on the soil map by a special symbol. 

This soil is suited to hay or pasture. Row сгорв can 
be grown occasionally, but this soil is very susceptible 
to erosion. Capability unit IVe-1. 

Monona silt loam, benches, 2 to 5 percent slopes 
(T108).—This soil is on stream benches, most of which 
are 5 to 10 feet above the flood plain. Areas range from 
about 10 to 30 acres. Slopes are dominantly 2 or 3 
percent. 

This soil has а profile similar to the one described 
as representative of the series, but the dark-colored 
surface layer and the subsoil are thicker. Also, lime 
is leached to а greater depth. 

Included with this soil in mapping were areas of 
nearly level Monona soils. Along the edges of some 
benches are areas of moderately sloping Monona soils 
that have а very dark grayish-brown surface layer 
only 6 or 8 inches thick. Also included were depres- 
sions, 1 to 5 acres in size, that are shown on the soil 
map by special symbols. The soils in the depressions 
are wetter than this Monona soil. 

This soil is well suited to row crops, which generally 
are grown often. Erosion is a hazard, especially in 
areas that receive runoff from adjoining hillsides. Ade- 
quate erosion control, on the hillsides and on this soil, 
can be obtained without a great deal of difficulty. 
Capability unit IIe-2. 


Napier Series 


The Napier series consists of well-drained, silty soils 
that formed in material washed from nearby hillsides. 
These soils are on foot slopes along the edges of val- 
leys. Slope ranges from 2 to 14 percent. 

In a representative profile the surface layer is very 
dark brown and very dark grayish-brown, friable silt 
loam about 30 inches thick. The subsoil is friable silt 


loam that extends to а depth of about 60 inches. It is 
very dark grayish brown in the upper part and brown 
in the lower part. 

These soils have moderate permeability. They have 
high organic-matter content and very high available 
water capacity. They are generally medium to low in 
available nitrogen, low in available phosphorus, and 
high in available potassium. The surface layer gener- 
ally is neutral, but overwash that is moderately alka- 
line and high in lime is common. 

Most areas of Napier soils are cultivated, but a 
number of small inaccessible areas are in pasture or 
woodland. 

Representative profile of Napier silt loam, 5 to 9 
percent slopes, in an alfalfa field about 10 miles west 
of the town of Hinton; 140 feet north and 100 feet 
east of the center of SEL, вес. 19, T. 90 N., В. 47 W.: 


Ap 一 0 to 8 inches, very dark brown (10YR 2/2) Silt loam, 
very dark grayish brown (10YR 3/2) when 
crushed; moderate, fine, granular and weak, very 
fine, subangular blocky structure; friable; neutral; 
clear, smooth boundary. 

А12—8 to 15 inches, very dark brown (10YR 2/2) silt loam, 
very dark grayish brown (10YR 3/2) when 
crushed; weak, very fine, subangular blocky and 
weak, fine, granular structure; friable; neutral; 
gradual, smooth boundary. 

А13—15 to 22 inches, very dark grayish-brown (10YR 3/2) 
silt loam, very dark grayish brown (10YR 3/2) 
when erushed; weak, very fine, subangular blocky 
and weak, fine, granular structure; friable; neu- 
tral; gradual, smooth boundary. 

АЗ— 22 to 30 inches, very dark grayish-brown (10YR 3/2) 
silt loam, tending to dark brown (10YR 3/3) when 
crushed; weak, very fine, subangular blocky and 
weak, fine, granular structure; friable; neutral; 
gradual, smooth boundary. 

B1—30 to 39 inches, very dark grayish-brown (10YR 3/2) 
silt loam, tending to dark brown (10YR 3/3); 
weak, very fine, subangular blocky and weak, fine, 
granular structure; friable; neutral; gradual, 
Smooth boundary. 

B2—39 to 48 inches, dark-brown (10YR 3/3) silt loam, 
brown (10YR 4/3) when crushed; weak, very fine, 
subangular blocky and weak, fine, granular struc- 
ture; friable; neutral; gradual, smooth boundary. 

B3—48 to 60 inches, brown (10YR 4/3) silt loam; weak, 
very fine, subangular blocky and weak, fine, granu- 
lar structure; friable; mildly alkaline. 


The А horizon ranges from 24 to 36 inches in thickness. 
The upper part is very dark brown (10YR 2/2) or very 
dark grayish brown (10YR 3/2), but calcareous, brown 
(10YR 4/3) or dark yellowish-brown (10YR 4/4) overwash 
is common. 

The B horizon extends to a depth of 36 to 60 inches. It 
is dark brown (10YR 3/3) or brown (10YR 4/3), but 
darker coatings on ped faces mask the brownish color in 
many places. 

The C horizon, where present, is neutral to moderately 
alkaline. 

Napier soils are near Kennebec and Castana soils, and 
their profiles are similar. Napier soils have a brownish B 
horizon that Kennebec and Castana soils lack. They are non- 
caleareous above a depth of about 36 inches, whereas Cast- 
ana soils are calcareous. 


Napier silt loam, 5 to 9 percent slopes (12C).—This 
soil has concave or straight slopes. Areas are long and 
narrow. The profile of this soil is the one described 
as representative of the series. 

Included in places with this soil in mapping were 
areas of gently sloping or nearly level soils in the 
centers of valleys. Many areas have a deep, wide 
gully. 

This soil is suited to row crops. It is susceptible to 
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Figure 11.—Corn and hay on Napier-Castana silt loams, 9 to 14 percent slopes. Native grass is on steep hillsides. 


erosion. Runoff from steeper soils upslope is a hazard. 
In plaees this soil is managed with soils on adjoining 
hillsides and is used for pasture or hay. Capability 
unit IIIe-1. 

Napier-Castana silt loams, 9 to 14 percent slopes 
(170D).—This complex is in narrow valleys below steep 
and very steep hillsides. Napier soils make up about 70 
percent of the complex; Castana soils, about 20 per- 
cent; and other soils, the rest. Areas are long and nar- 
row, and many have fingers that extend up side valleys. 
Castana soils are in narrow bands along the upslope 
side of mapped areas. 

Included with these soils in mapping were areas of 
other soils in the centers of valleys. Also included were 
areas of less sloping Napier soils. 

This complex is suited to row crops, but many areas 
are not readily accessible with farm machinery (fig. 
11). The soils are susceptible to erosion and receive 
considerable runoff from adjoining soils on uplands. 
Capability unit IIIe-2. 

Napier-Gullied land complex, 2 to 10 percent slopes 
ki 7C)—This complex has concave or straight slopes. 

apier soils make up about 75 or 80 percent of the 
complex, and Gullied land makes up the rest. Areas 
are long and narrow. In the Gullied land part, gullies 
are as deep and as wide as 40 feet and generally have 
vertical sides. 


Included with these soils in mapping were areas of 
Napier soils that are accessible with farm machinery. 
These areas can be used for cultivated crops, and some 
are cultivated. 

This complex is better suited to pasture or trees than 
to most other uses. It is susceptible to erosion. Gullies 
are a hazard to livestock. Capability unit VIIe-1. 


Omadi Series 


Тһе Omadi series consists of well drained to mod- 
erately well drained, calcareous, silty soils that formed 
in alluvium. These soils are on flood plains. Slope 
ranges from 0 to 2 percent. 

In a representative profile the surface layer is very 
dark brown, calcareous, friable silt loam about 8 inches 
thick. The next layer is very dark brown, calcareous, 
friable light silty clay loam about 5 inches thick. Be- 
low this is stratified sediment that is dominantly very 
dark brown and very dark grayish-brown, calcareous, 
friable silt loam, but thin layers of sand are common. 

These soils have moderate permeability. They have 
very high available water capacity and moderately low 
or low organie-matter content. They are very low in 
available nitrogen, low in available phosphorus, and 
high in available potassium. The surface layer is neu- 
tral or mildly alkaline to moderately alkaline. These 
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soils generally are high in lime. They have а deep 
rooting zone. 

These soils are commonly used for cultivated crops, 
but many areas are in pasture. Many pastures have 
not been cleared of trees. 

Representative profile of Omadi silt loam, 0 to 2 
percent slopes, in à soybean field about 2 miles south 
of the northwest corner of the county; 750 feet west 
and 650 feet north of the southeast corner of ۸ 
SW14, sec. 8, T. 98 N., R. 48 W.: 


Ар—0 to 8 inches, very dark brown (10YR 2/2) heavy silt 
loam, tending to very dark grayish brown (10YR 
3/2) when crushed; grayish brown (10YR 5/2) 
when dry; weak, very fine and fine, subangular 
blocky structure; friable; mildly alkaline; weak 
effervescence; abrupt, smooth boundary. 

С1—8 to 13 inches, very dark brown (10YR 2/2) light silty 
clay loam, tending to very dark grayish brown 
(10YR 3/2) when crushed; few, fine, prominent, 
yellowish-red (БҮЕ 4/6) mottles; weak, fine and 
medium, subangular blocky structure; friable; 
moderately alkaline; strong effervescence; clear, 
smooth boundary. 

C2--13 to 60 inches, stratified, very dark brown (10YR 2/2) 
and very dark grayish-brown (10YR 3/2) silt 
loam; thin strata of silty clay loam and dark 
grayish-brown (10YR 4/2) and grayish-brown 
(10YR 5/2) sand; common, fine, prominent, yel- 
lowish-red (5YR 4/6) mottles; massive but has 
horizontal cleavage caused by bedding; friable; 
moderately alkaline; strong effervescence. 


The A horizon is 6 to 10 inches thick and is very dark 
brown (10YR 2/2) or very dark grayish brown (10YR 
8/9). It is silt loam or light silty clay loam that ranges 
from neutral and noncalcareous to moderately alkaline and 
calcareous. 

The C horizon is stratified and is dominantly very dark 
brown (10YR 2/2) and very dark grayish-brown (10YR 
3/2) silt loam. Thin strata ranging from silty clay loam to 
sand are common. Some are dark grayish brown (10YR 
4/2) or grayish brown (10YR 5/2). The sand content be- 
tween depths of 10 and 40 inches is 10 to 25 percent. More 
than half of the sand is very fine. The C horizon is moder- 
ately alkaline and calcareous, but in some of the thin strata 
reaction ranges to neutral. 

Omadi, McPaul, and Radford soils are on bottom lands 
and formed in stratified sediment. Omadi soils have more 
strata of texture other than silt loam and are darker col- 
ored throughout than McPaul soils. They are calcareous silt 
loam rather than noncalcareous silty clay loam, as are Rad- 
ford soils. 


Omadi silt loam, 0 to 2 percent slopes (189)—This 
soil is on low-lying parts of the Big Sioux River flood 
plain. Areas are 40 acres or larger. The profile of this 
soil is the one described as representative of the series. 

Included with this soil in mapping were areas of 
other soils that formed in alluvium and that are more 
sandy or more clayey than Omadi soils. 

This soil is well suited to row crops. It is susceptible 
to flooding, but many floods come before planting time 
in spring. Many areas are protected by levees. Capa- 
bility unit I-1. 

Omadi-Alluvial land complex, 0 to 2 percent slopes 
(609).—This complex is in low-lying areas of the Big 
Sioux River flood plain. Omadi silt loam makes up 
about 70 percent of this complex, and Alluvial land 
makes up the rest. Areas extend along the river and 
are as wide as une-half mile and as long as a mile or 
more. The Omadi soil is at intermediate elevations. 
Generally, the soils at higher elevations are sandier 
than Omadi soils, and the soils in the swales are more 
clayey. 


These soils are suited to pasture or trees. They are 
susceptible to flooding. Most areas are not protected 
by levees. Capability unit Vw-1. 


Primghar Series 


The Primghar series consists of somewhat poorly 
drained silty soils that formed in loess on uplands and 
on stream benches. Slope ranges from 2 to 5 percent. 

In a representative profile the surface layer is about 
19 inches thick. It is black, friable silty clay loam that 
grades to very dark gray in the lower few inches. The 
subsoil is dark grayish-brown and grayish-brown, fri- 
able silty clay loam about 21 inches thick. It is under- 
lain by grayish-brown, friable, calcareous light silty 
clay loam and silt loam. 

Primghar soils have moderately slow permeability. 
They have high to very high available water capacity 
and high organic-matter content. They are medium to 
low in available nitrogen and medium in available 
phosphorus and potassium. The surface layer is medium 
acid to neutral. These soils have a deep rooting zone. 

These soils generally are used for cultivated crops. 
In a few places they are used with wetter soils as 
pasture. 

Representative profile of Primghar silty clay loam, 
2 to 5 percent slopes, in a meadow about 4 miles east 
of the town of Remsen; 400 feet north and 150 feet 
east of (һе, southwest corner of МУ sec. 2, T. 92 


Ар1—0 to 5 inches, black (10YR 2/1) silty clay loam; 
weak, fine and medium, subangular blocky struc- 
ture parting to moderate, fine, granular; friable; 
slightly acid; abrupt, smooth boundary. 

Арг—5 to 8 inches, black (10YR 2/1) silty clay loam; mod- 
erate, very fine and medium, angular blocky struc- 
ture parting to moderate, fine, granular; friable; 
medium acid; abrupt, smooth boundary. 

А12—-8 to 15 inches, black (10YR 2/1) silty clay loam; 
weak, medium, subangular blocky structure part- 
ing to moderate, very fine, subangular blocky; fri- 
able; medium acid; gradual, smooth boundary. 

АЗ--15 to 19 inches, very dark gray (10YR 3/1 to БУ 3/1) 
silty clay loam, very dark grayish brown (2.5Y 
3/2) when crushed; weak, medium, subangular 
blocky structure parting to moderate, very fine, 
subangular blocky; ‘friable; neutral; gradual, 
smooth boundary. 

B1—19 to 27 inches, dark grayish-brown (10YR 4/2) silty 
clay loam; very dark gray (10YR 3/1 to БҮ 3/1) 
coatings оп ped faces; some mixing of very dark 
gray (10YR 3/1 to 5Y 3/1) peds from above; 
common, fine, prominent, strong-brown (7.5YR 
5/6) and yellowish-brown (10YR 5/6) mottles; 
weak, medium, subangular blocky structure part- 
ing to moderate, fine, granular and weak, very fine, 
subangular blocky; friable; neutral; gradual, 

| smooth boundary. 

B2—27 to 40 inches, grayish-brown (2.5Y 5/2) silty clay 
loam, dark grayish brown (2.5Y 4/2) coatings on 
ped faces; common, fine, prominent, strong-brown 
(7.5YR 5/6) and yellowish-brown (10YR 5/6) mot- 
tles; few black (10YR 2/1) and very dark gray 
(10YR 3/1) peds and worm casts; weak, medium, 
subangular blocky structure parting to weak, very 
fine, subangular blocky; friable; common soft ox- 
ides; neutral; clear, smooth boundary. 

C1—40 to 52 inches, grayish-brown (2.5Y 5/2) light silty 
clay loam; common, fine, prominent, strong-brown 

(ТБУВ 5/6) and yellowish-brown (10YR 5/6) mot- 

tles; few black (10YR 2/1) and very dark gray 

(10YR 8/1) peds and worm casts; weak, medium, 

subangular blocky structure parting to weak, very 
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fine, subangular blocky (structure is weaker than 
іп B2); friable; mildly alkaline; strong efferves- 
cence; clear, smooth boundary. 

C2—52 to 60 inches, grayish-brown (2.5Y 5/2) silt loam; 
strong-brown (7.5YR 5/6) mottles are more abun- 
dant than in overlying horizons; massive; friable; 
common lime concretions; moderately alkaline; 
Strong effervescence. 


The А horizon is 16 to 22 inches thick. It is black ( 10YR 
2/1 or N 2/0) in most places, but in a few places it is very 
dark brown (10YR 2/2). It is medium or heavy silty clay 
Joam that ranges from neutral to medium acid. 

The B horizon is 15 to 30 inches thick. It ranges from 
heavy to light silty clay loam in the upper part and from 
medium silty clay loam to silt loam in the lower part. Col- 
ors typically are 2.5Y in hue, but they are 10YR in places. 
They range from 10YR or 2.5Y 4/2 to 5/4. Mottles are both 
high and low in chroma. The upper part of the horizon is 
neutral or slightly acid. The lower part ranges to moderately 
alkaline and is calcareous in places. ۱ : 

The C horizon is light silty clay loam, silt loam, or, in a 
few places, clay loam. . 

Primghar soils are near Galva soils. They have a thicker 
A horizon and more restricted natural drainage than Galva 
soils. 

Primghar silty clay loam, 2 to 5 percent slopes (918). 
—This soil occupies the upper reaches of many small 
valleys in undulating to gently rolling landscapes. A 
few areas are on stream benches. Typical areas are 
200 to 400 feet wide and about 1⁄4 to 15 mile long. 

Included with this soil in mapping were some poorly 
drained soils in the centers of valleys or in small 
depressions. Some nearly level Primghar soils were also 
included. . . 

This soil is well suited to row crops. It receives run- 
off from adjoining soils. This runoff causes erosion, 
siltation, and wetness. Capability unit Пе-1. 


Radford Series 


The Radford series consists of somewhat poorly 
drained silty soils that formed in alluvium. These soils 
are on flood plains and foot slopes. Slope ranges from 
0 to 5 percent. 

In a representative profile the surface layer is very 
dark brown, friable silty clay loam about 9 inches 
thick. It is underlain by stratified, very dark brown 
and very dark grayish-brown, friable silty clay loam 
that is mixed with dark grayish brown. Below this, at 
a depth of 24 inches, is black, friable silty clay loam 
that extends to а depth of 60 inches or more (fig. 12). 

These soils have moderately slow permeability. They 
have very high available water capacity and moderate 
to high organic-matter content. They are low or medium 
in available nitrogen, low in available phosphorus, and 
medium in available potassium. They are neutral or 
slightly acid. They have a deep rooting zone. 

Тћезе soils generally are used for cultivated crops. 
A few areas are used for pasture. 

Representative profile of Radford silty clay loam, 0 
to 2 percent slopes, in а plowed field about 10 miles 
northeast of the town of Kingsley ; 260 feet east and 65 
of the center of NW14 sec. 14, Т. 91 N., R. 


Ар—0 to 9 inches, very dark brown (10YR 2/2) light silty 
elay loam; tending to and rubbing to very dark 
grayish brown (10YR 8/2); moderate, fine, granu- 
lar and moderate, very fine, subangular blocky 
structure; friable; neutral; clear, smooth bound- 
ary. 


Figure 12.—Profile of Radford silty clay loam, 0 to 2 percent 
slopes. The black layer at a depth of about 2 feet is typical. 


C1—9 to 16 inches, very dark brown (10YR 2/2) light silty 
clay loam; tending to and rubbing to very dark 
grayish brown (10YR 3/2); weak, fine, granular 
and weak, very fine, subangular blocky structure; 
friable; neutral; gradual, smooth boundary. 

C2—-16 to 24 inches, very dark grayish-brown (10YR 3/2) 
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Figure 13.—Grassed waterway on Radford silty clay loam, 2 to 5 percent slopes. Adjoining Galva soils have been plowed. 


light silty clay loam; 25 percent mixing of very 
dark brown (10YR 2/2) and 10 percent of dark 
grayish brown (10YR 4/2), much of which is silt 
on horizontal faces of some plates; weak, fine and 
medium, platy structure; friable; neutral; clear, 
smooth boundary. 

Allb—24 to 28 inches, black (10YR 2/1) silty clay 
loam; 10 percent mixing. of dark grayish brown 
(10YR 4/2); moderate, fine, granular and mod- 
erate, very fine, subangular blocky structure; fri- 
able; neutral; gradual, smooth boundary. 

A12b—28 to 38 inches, black (10YR 2/1) silty clay loam; 
moderate, very fine, subangular blocky structure 
has some vertical cleavage; friable; neutral; grad- 
ual, smooth boundary. 

A13b—38 to 48 inches, black (10YR 2/1) silty clay loam; 
moderate, very fine, subangular blocky structure 
has some vertical cleavage; friable; neutral; grad- 
ual, smooth boundary. 

A14b—48 to 60 inches, black (10YR 2/1) silty clay loam; 
moderate, very fine, subangular blocky structure 
has some vertical cleavage; friable; neutral. 


The Ap horizon is 6 to 10 inches thick and is very dark 
brown (10YR 2/2) or very dark grayish brown (10YR 
3/2). In some profiles it has dark grayish-brown (10YR 
4/2) peds. It is light or medium silty clay loam and ranges 
from neutral to medium acid. 

The C horizon typically is stratified. Very dark grayish 
brown (10YR 3/2) is the dominant color, but very dark 
brown (10YR 2/2) is also common. Thin strata of black 
(10ҮК 2/1), very dark gray (10YR 3/1), or dark grayish 
brown (10YR 4/2) are in many profiles. The C horizon is 
light or medium silty clay loam and is neutral or slightly 
acid. It extends to a depth of 18 to 36 inches. 

The Ab horizon is 24 to 40 inches thick. In places it 


grades from black (10YR 2/1 or N 2/0) to very dark gray 
(10YR 3/1) with increasing depth. It is light or medium 
silty clay loam and is neutral or slightly acid. 

The texture of the Ap and C horizons is finer than is 
defined as within the range for the Radford series, but this 
дон not significantly affect the use and behavior of these 
soils. 

Radford soils resemble McPaul and Omadi soils, which 
also formed in recent stratified alluvium. The upper 18 to 
36 inches of Radford soils is silty clay loam that is neutral 
to medium acid and noncaleareous. In contrast, these hori- 
zons in МеРаш and Omadi soils are silt loam that is mildly 
alkaline or moderately alkaline and calcareous. 


Radford silty elay loam, 0 io 2 percent slopes (467). 
—This soil is on flood plains, generally on alluvial fans 
where tributaries enter the flood plain of larger streams 
in areas next to the main stream. Most areas are large. 
The profile of this soil is the one described as repre- 
sentative of the series, 

Included with this soil in mapping were areas of 
Colo soils that have ав much as 15 inches of stratified 
overwash. 

This soil is well suited to row crops. The flood hazard 
varies from place to place, and the soil has somewhat 
poor internal drainage. Some areas that are wet and 
subject to flooding are in pasture. Capability unit 1-1. 

Radford silty clay loam, 2 to 5 percent slopes (4678). 
一 This soil is generally in valleys 200 to 400 feet wide, 
but it is also on foot slopes along the edges of larger 
valleys. 
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Included with this soil in mapping were areas of 
Colo soils that have up to 15 inches of overwash. Also 
included were areas of Primghar soils in the upper 
reaches of some valleys. 

This soil is well suited to row crops. It receives run- 
off from adjoining hillsides ; therefore, wetness and the 
hazards of erosion and siltation are limitations. Some 
areas are used as grassed waterways (fig. 13). Capa- 
bility unit Пе-1. 


Rough Broken Land 


Rough broken land (378) consists of very steep areas 
that are between the valley floor and areas of very 
steep Ida and Hamburg soils near the tops of hills. 
Most areas have outerop of bedrock on the lower parts 
of slopes. The dominant parent material of the soils 
is silt loam loess or loesslike material that has slumped 
or washed from higher areas. Other soils in these 
areas formed in material weathered from limestone, 
sandstone, shale, and glacial drift. 

Rough broken land is not suitable for crops. It is 
used mainly for pasture. The very steep areas make 
the use of farm machinery impractical. The soils are 
very susceptible to erosion. Capability unit VIIe-1. 


Salix Series 


The Salix series consists of moderately well drained 
silty soils that formed in alluvium. These soils are on 
flood plains. Slope ranges from 0 to 2 percent. 

In a representative profile the surface layer is friable 
light silty clay loam about 18 inches thick. It is black 
in the upper 7 inches and very dark brown below. The 
subsoil is very dark grayish-brown, friable light silty 
clay loam about 11 inches thick. Underlying this is very 
dark grayish-brown and dark grayish-brown, calcare- 
ous, friable silty clay loam. 

Salix soils have moderate permeability. They have 
high to very high available water capacity and high 
organie-matter content. They are medium to low in 
available nitrogen, medium in available phosphorus, 
and high in available potassium. The surface layer is 
neutral or mildly alkaline. These soils have a deep 
rooting zone. . 

Almost all areas of these soils are used for crops. 

Representative profile of Salix silty clay loam, 0 to 
2 percent slopes, 3 miles north of the town of Akron; 
440 feet west and 75 feet north of the center of sec. 
17, T. 93 N., К. 48 W.: 

Ap—0 to 7 inches, Маек (10YR 2/1) light silty clay loam, 
very dark brown (10YR 2/2) when rubbed and 
-dark gray (10YR 4/1) with a gray (10YR 5/1) 
crust when dry; clods part to weak and moderate, 
very fine and fine, subangular blocky structure; 
friable; neutral; abrupt, smooth boundary. . 

A8—7 to 18 inches, very dark brown (10YR 2/2) light 
silty clay loam, tending to very dark grayish 
brown (i0YR 8/2) when kneaded; vertical cleav- 
age and weak, medium, subangular blocky struc- 
ture parting to moderate, very fine and fine, 
subangular blocky; friable; neutral; gradual, 
smooth boundary. . 

B2—18 to 22 inches, very dark grayish-brown (10YR 3/2) 
light silty clay loam; very dark brown (10YR 
2/2) coatings on ped faces; very dark grayish 
brown (10YR 3/2) when kneaded; vertical cleav- 
age and moderate, very fine, subangular blocky 


structure; friable; neutral; clear, smooth bound- 


ary. 

B3--22 to 29 inches, dark grayish-brown (10YR 4/2) light 
silty clay loam; very dark grayish-brown (10YR 
3/2) coatings on ped faces; vertical cleavage and 
moderate, very fine, subangular blocky structure; 
friable; neutral; abrupt, smooth boundary. 

C1—29 to 40 inches, dark grayish-brown (10YR 4/2) light 
silty clay loam; very dark grayish brown (10YR 
3/2) coatings on ped faces; moderate, very fine, 
subangular blocky structure; moderately alkaline; 
strong effervescence; clear, smooth boundary. 

C2—40 to 60 inches, dark grayish-brown (10YR 4/2) silty 
clay loam; very dark gray (10YR 3/1) coatings on 
ped faces; dark grayish-brown (10YR 4/2) when 
kneaded, but slightly darker than overlying hori- 
zon; moderate, very fine and fine, subangular 
blocky structure and a few angular blocky peds; 
friable; some lime flecks, but no concretions; pos- 
sibly an incipient Ab horizon; moderately alkaline; 
strong effervescence. 


The А horizon is black (10YR 2/1) or very dark brown 
(10YR 2/2) in the upper part and very dark brown (10YR 
2/2) or very dark grayish brown (10YR 3/2) in the lower 
part. It is neutral or mildly alkaline. It is 10 to 20 inches 
thick. 

The B horizon is light silty clay loam or heavy silt loam. 
It is very dark grayish brown (10YR 3/2) or dark grayish 
brown (10ҮК 4/2) in the upper part. The lower part gen- 
erally is dark grayish brown (10YR 4/2). In most places 
very dark grayish-brown (10YR 3/2) coatings are on ped 
faces. Thickness of the B horizon is 10 to 15 inches, and re- 
action is neutral or mildly alkaline. 

The C horizon is silty clay loam or silt loam. In many 
places it does not have the darker organic coatings on ped 
aces. 

Salix soils are similar to Kennebec soils and to Salix 
soils, leached subsoil variant, and are near these soils on 
the landscape. They are calcareous within a depth of 40 
inches, and Kennebec soils and Salix soils, leached subsoil 
variant, are not. 

Salix silty clay loam, 0 to 2 percent slopes (35).—This 
soil is on flood plains and low stream benches. Areas 
are about 10 to 60 acres. Most are in the Big Sioux 
River Valley. This soil is at slightly higher elevations 
than most other soils in the valley. 

Included with this soil in mapping were areas that 
have 6 to 15 inches of calcareous silt loam overwash. 

This soil is well suited to row crops. It is susceptible 
to flooding, but flooding is not a serious hazard. Capa- 
bility unit 1—1. 


Salix Series, Leached Subsoil Variant 


The Salix series, leached subsoil variant, consists of 
well-drained silty soils that formed in alluvium. These 
soils are on high second bottoms and low stream 
benches. Slope is 0 to 2 percent. 

In a representative profile the surface layer is very 
dark brown, friable light silty clay loam about 17 
inches thick. The subsoil is dark brown and brown, 
friable light silty clay loam and silt loam about 26 
inches thick. The underlying material is brown, very 
friable, calcareous silt loam. 

These soils have moderate permeability and high to 
very high available water capacity. Typically, they are 
high in organic-matter content, medium to low in avail- 
able nitrogen, medium in available phosphorus, and 
high in available potassium. The surface layer is gen- 
erally slightly acid or neutral. These soils have a deep 
rooting zone. 

Most areas of these soils are used for cultivated 
crops. 
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Representative profile of Salix silty clay loam, 
leached subsoil variant, 0 to 2 percent slopes, in an 
alfalfa field about 3 miles north of the town of АКгоп; 
25 feet south of the northeast corner of sec. 17, Т. 93 
N., R. 48 W.: 


Ар—0 to 8 inches, very dark brown (10YR 2/2) light silty 
clay loam; moderate, fine, granular structure; fri- 
able; slightly acid; clear, smooth boundary. 

А12—8 to 17 inches, very dark brown (10YR 2/2) light 
silty clay loam, tending to very dark grayish 
brown (10YR 3/2) when rubbed; moderate, fine, 
granular and weak, very fine, subangular blocky 
structure; friable; neutral; gradual, smooth 
boundary. 

В1--17 to 24 inches, dark brown (10YR 3/3) light silty 
clay loam; common very dark brown (10YR 2/2) 
coatings on ped faces; some very dark brown 
(10YR 2/2) worm casts and peds and a few brown 
(10YR 4/8) peds; weak to moderate, very fine, 
subangular blocky and moderate, fine, granular 
structure; friable; neutral; gradual, smooth 
boundary. 

B21—24 to 35 inches, brown (10YR 4/3) silt loam; some 
very dark brown (10YR 2/2) and very dark 
grayish-brown (10YR 3/2) coatings on ped faces; 
weak to moderate, fine, granular and weak, very 
fine, subangular blocky structure; friable; neutral; 
gradual, smooth boundary. 

to 43 inches, brown (10YR 4/8) silt loam; few 

very dark brown (10YR 2/2) peds; weak to mod- 

erate, fine, granular and weak, very fine, subangu- 
lar blocky structure; friable; neutral; clear, 
smooth boundary. 

01-48 to 48 inches, brown (10YR 4/3) silt loam, tending to 
brown (10YR 5/8); massive; very friable; com- 
mon lime concretions; moderately alkaline; strong 
effervescence; gradual. smooth boundary. 

C2—48 to 96 inches, brown (10YR 4/8) silt loam, tending 
to brown (10YR 5/8) and to hue of 2.5Y; massive; 
very friable; some lime concretions; moderately al- 
kaline; strong effervescence. 


The A horizon is 12 to 20 inches thick. The upper part is 
black (10YR 2/1) or very dark brown (10ҮК 2/2). The 
lower part is very dark brown (10YR 2/2) or very dark 
grayish brown (10YR 3/2). Reaction is slightly acid or 
neutral. 

The B horizon is 20 to 30 inches thick. The lower part is 
mildly alkaline in places. The C horizon is commonly silt 
loam, but the upper part is light silty clay loam in places. 
In places it has strata or sandy loam or loamy sand. 

Salix soils, leached subsoil variant, are similar to Salix 
soils. They are noncalcareous to a depth of 40 inches or 
more, whereas Salix soils are calcareous within that depth. 


В22—85 


Salix silty clay loam, leached subsoil variant, 0 to 2 
percent slopes (607). This soil is on low stream benches 
and is intermingled with other nearly level soils. Areas 
range from about 10 to 60 acres in size. 

Included with this soil in mapping were places that 
have light-colored, caleareous overwash. Also included 
were some soils that are caleareous within a depth of 
1 or 2 feet. 

This soil is well suited to row crops. Some areas 
are subject to flooding, but the hazard is slight. Capa- 
bility unit 1—1. 


Steep Rock Land 


Steep rock land (478) has very steep slopes. It is in 
long, narrow areas along the lower parts of hillsides. 
It adjoins nearly level to moderately sloping soils at 
lower elevations. 

Ineluded with this land type in mapping were small 
areas of soils in concave positions in drainageways and 


along the base of hillsides. These soils are less sloping 
and are deeper over bedrock than Steep rock land. 
Steep rock land is poorly suited to crops, grasses, 
and trees. It is susceptible to erosion. It is so steep and 
rocky that it generally is better suited to wildlife and 
recreation than to most other uses. Capability unit 
е—1. 


Steinauer Series 


The Steinauer series consists of well-drained, cal- 
careous, loamy soils that formed in glacial till on up- 
lands. Slope ranges from 5 to 40 percent. 

In a representative profile the surface layer is dark- 
brown, calcareous, friable clay loam about 6 inches 
thick. Below this, and extending to a depth of 60 inches 
or more, is yellowish-brown, calcareous, firm clay loam. 

These soils have moderately slow permeability. They 
have high available water capacity and low organic- 
matter content. They are very low in available nitrogen 
and phosphorus and medium in available potassium. 
They are moderately alkaline and high in lime. They 
have а deep rooting zone. 

Most areas of these soils are used for pasture. Some 
of the less sloping areas are used for crops. 

Representative profile of Steinauer clay loam, 14 to 
18 percent slopes, severely eroded, in а meadow about 
3 miles northeast of the town of Craig; 300 feet east 
of southwest corner of NWIANWI4 вес. 1, T. 93 N., 


Ар—0 to 6 inches, dark-brown (10YR 8/8) light clay loam; 
weak, fine, granular and weak, very fine, sub- 
angular blocky structure; friable; moderately 
alkaline; strong effervescence; clear, smooth bound- 


ary. 

AC—6 to 11 inches, yellowish-brown (10YR 5/4) light clay 
loam; almost 50 percent dark brown (10YR 3/3) 
and brown (10ҮЕ 4/3); vertical cleavage and 
weak, fine, granular and weak, very fine, subangu- 
lar blocky structure; firm; moderately alkaline; 
strong effervescence; gradual, smooth boundary. 

C1—11 to 18 inches, yellowish-brown (10YR 5/4) light clay 
loam; few very dark grayish-brown (10YR 3/2) 
peds and coatings on ped faces; light yellowish 
brown (10YR 6/4) when kneaded; weak, very fine, 
subangular blocky structure; firm; few small lime 
concretions; moderately alkaline; strong efferves- 
cence; gradual, smooth boundary. 

C2 一 18 to 36 inches, yellowish-brown (10YR 5/4) light clay 
loam; few, fine, prominent, yellowish-red (5YR 
4/6) mottles; weak, very fine and fine, subangular 
blocky structure; firm; common lime concretions 
up to 1/2 inch in diameter; moderately alkaline; 
strong effervescence; gradual, smooth boundary. 

C3—36 to 60 inches, yellowish-brown (10YR 5/4) light clay 
loam; common, fine, prominent, strong-brown 
(7.5YR 5/8) mottles and few, fine, prominent, 
yellowish-red (БҮК 4/6) mottles; massive; firm; 
some segregated lime; moderately alkaline; strong 
effervescence. 


In most places the Ap or A1 horizon is dark brown 
(10YR 3/3), brown (10YR 4/8 or 5/3), or yellowish 
brown (10YR 5/4). In the least eroded areas, it is very 
dark gray (10YR 3/1), very dark brown (10YR 2/2), or 
very dark grayish brown (10YR 3/2). The darker and 
lighter colors commonly are mixed in an Ap horizon. The 
texture generally is light clay loam, but it ranges from 
medium clay loam to loam. Gravel and cobbles are common 
in some profiles. This horizon typically is moderately alka- 
line and ealeareous, but it ranges to neutral and noncal- 
careous. 

The C horizon is yellowish brown (10YR 5/4 or 5/6), 
pale brown (10YR 6/3), or light yellowish brown (10YR 
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Figure 14.-—Cattle in pasture on Steinauer cla y loam, 9 to 14 percent slopes, severely eroded. 


6/4). Mottles are few or common in most profiles. They are 
commonly yellowish brown, grayish brown, reddish brown, 
or strong brown. This horizon is light or medium clay loam. 
Pockets or lenses of sand occur in places. 

Steinauer and Ida soils are both calcareous soils that 
lack а В horizon, and they оссиру similar positions on the 
landscape. Steinauer soils formed in glacial till and have a 
higher content of sand than Ida soils, which formed in 
ен: They also contain pebbles and stones, which Ida soils 
аск. 

Steinauer clay loam, 9 to 14 percent slopes, severely 
eroded [33D3).—This soil is on hillsides. Most areas are 
5 to 15 acres in size. 

Included with this soil in mapping were areas of 
moderately sloping Steinauer soils that generally have 
a darker colored surface layer than the profile described 
as representative of the series. Most of these included 
soils are on humps or at the edge of ridgetops. 

This soil is well suited to hay or pasture (fig. 14). 
Row crops can be grown occasionally, but soil and 
water losses are excessive unless adequate erosion- 
control measures are used. Capability unit IVe-2. 

Steinauer clay loam, 14 to 18 percent slopes, severely 
eroded M ы. soil is on hillsides. Most areas are 
on the lower parts of slopes and are about 20 to 40 
acres in size. Тће profile of this soil is the one described 
ав representative of the series. 

Included with this soil in mapping were less eroded 
areas where the surface layer is very dark grayish 


brown. Also included were areas of soils that have 
more gravel and sand and less clay than this Steinauer 
soil. Special symbols for sand or gravel are used to 
show these areas on the soil map. 

This soil is suited to pasture or hay. Farm machinery 
can be used in most areas, and row crops can be grown 
occasionally. This soil, however, is very susceptible to 
erosion. Capability unit VIe-1. 

Steinauer clay loam, 18 to 30 percent slopes, severely 
eroded (3323) — This soil is on hillsides, generally on the 
lower parts of slopes. Areas are about 5 to 30 acres 
in size. 

Included with this soil in mapping were places that 
are less eroded, where the surface layer is very dark 
grayish brown. Also included were areas of soils that 
have more sand and gravel and less clay than this 
Steinauer soil. These areas are shown by special 
symbols on the soil map. 

This soil is suited to pasture. Farm machinery can 
be used in some areas, and in those areas hay is a 
suitable crop. Erosion is a serious hazard. Capability 
unit VIIe-1. 


Wadena Series 


Тће Wadena series consists of well-drained loamy 
soils that formed in alluvium. These soils are under- 
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lain at а depth of about 2 or 3 feet by sand or gravel. 
They are on stream benches, mainly along the major 
streams. Slope ranges from 2 to 14 percent. 

In а representative profile the surface layer is black, 
friable loam that grades to very dark grayish brown 
in the lower part. It is about 15 inches thick. The sub- 
soil is brown, friable to very friable loam and sandy 
loam about 16 inches thick. The underlying material 
is loamy sand and sand that is calcareous except in the 
upper few inches. 

Wadena soils have moderately rapid permeability 
in the upper part and very rapid permeability in the 
underlying material. They have low to moderate avail- 
able water capacity and moderate organic-matter 
content. They are low in available nitrogen and phos- 
phorus and medium in available potassium. The sur- 
face layer is neutral or slightly acid. The gravel or 
sand in the substratum restricts root growth. 

Most areas of these soils are used for crops. А few 
areas are in pasture. 

Representative profile of Wadena loam, 2 to 5 per- 
cent slopes, in а pasture about 2 miles south of the 
town of Akron; 760 feet west and 360 feet north of 
the southeast corner of NE14NW\, sec. 13, T. 92 М. 


А1—0 to 9 inches, black (10YR 2/1) loam, very dark 
brown (10YR 2/2) when crushed; weak, fine, 
subangular blocky structure parting to moderate, 
fine, granular; friable; neutral; gradual, smooth 
boundary. 

АЗ—9 to 15 inches, very dark grayish-brown (10YR 3/2) 
loam; many very dark brown (10YR 2/2) coatings 
on ped faces; weak, fine, subangular blocky struc- 
ture parting to moderate, fine, granular; friable; 
neutral; gradual, smooth boundary. 

B2—15 to 24 inches, brown (10YR 4/3) loam; few very 
dark grayish-brown (10YR 3/2) coatings on ped 
faces; weak, fine and medium, subangular blocky 
structure; friable; neutral; gradual, smooth bound- 


ary. 

I&IIB3—24 to 31 inches, brown (10YR 4/3) light sandy 
loam; weak, medium and coarse, subangular 
blocky structure; very friable; neutral; gradual, 
smooth boundary. 

IIC1—31 to 36 inches, dark yellowish-brown (10YR 4/4) 
loamy medium sand; single grained; loose; mildly 
alkaline; gradual, smooth boundary. 

IIC2—36 to 60 inches, yellowish-brown (10YR 5/4) medium 
sand; single grained; loose; moderately alkaline; 
strong effervescence. 


The A horizon is 10 to 16 inches thick except in eroded 
places. It is black (10YR 2/1), very dark brown (10YR 
2/2), or very dark grayish brown (10YR 3/2). It ranges 
from loam to silt loam or light silty clay loam and has a 
high content of sand. It is neutral or slightly acid. 

The B horizon is 10 to 24 inches thick. It is brown 
(10ҮЕ 4/8 or 5/8) or dark yellowish-brown (10YR 4/4) 
loam or light clay loam. In the lower part, it is sandy loam 
in places. It is neutral or slightly acid. 

Depth to the upper boundary of the IIC horizon is be- 
tween 20 and 36 inches. The ПС horizon ranges from me- 
dium sand and no gravel to gravel and very little sand. In 
many profiles it is a mixture of sand and gravel. In the 
upper few inches it is commonly leached, but in some pro- 
files it is caleareous just below the I&IIB horizon. 

In places, especially in mapping units 114D3 and 317C2, 
the A horizon is thinner than is defined as within the range 
for the Wadena series. This does not significantly affect the 
use or behavior of these soils. In places the sandy loam 
layer in the B horizon is thicker than is defined as within 
the range for the series, but this does not alter the use or 
behavior of the soils. 

Wadena soils are on the stream benches near Graceville 
and Dickman soils. They are shallower to sand or gravel 


than Graceville soils. They are finer textured in the upper 
2 or 8 feet than Dickman soils. 

Wadena loam, 2 to 5 percent slopes (108B).—This soil 
is in areas that have a maximum width of about 600 
feet. Many areas are 14 to 1 mile in length. 

Included with these soils in mapping were nearly 
level Wadena soils in which depth to underlying coarse- 
textured material varies from place to place. In these 
soils the substratum is gravelly rather than sandy in 
places. Also included were areas that are sandy or 
gravelly throughout. 

This soil is well suited to row crops. It is subject to 
soil blowing and water erosion and is slightly droughty. 
Use of crop residue and other practices that conserve 
moisture are especially helpful. Capability unit Пе-2. 


Use and Management of the Soils 


This section discusses the use and management of 
the soils of Plymouth County for crops, pasture, and 
trees; for wildlife; for engineering uses; and for 
recreation. 


Management for Crops, Pasture, and Trees 


This section discusses the management of the soils 
for crops, pasture, and trees. It explains the capability 
classification used by the Soil Conservation Service and 
describes the use and management of the soils by 
capability units. It also gives predicted yields for 
crops commonly grown in the county. 


Crops 


About 78 percent of Plymouth County is used for 
eultivated crops. Corn and soybeans are the major 
row erops. In general, the value of a soil is measured 
by its suitability for growing these two crops. Oats 
and alfalfa-bromegrass hay are also important. Sor- 
ghum, popcorn, and other kinds of hay and crops are 
grown to a lesser extent. 

On about 84 percent of the cultivated soils, erosion 
is the most serious hazard. On about 12 percent, wet- 
ness is a major hazard. The other 4 percent is nearly 
level soils that have no serious limitations. 

Among the erosion-control methods used in the 
county are contour tillage, diversions and terraces, 
rotations that include grass and legumes, minimum 
tillage, grassed waterways, use of crop residue, and 
fertility management. Generally, à combination of sev- 
eral practices is used. 

The percolation rate in the soils of Plymouth County 
is high enough ‘that terraces can be built with level, 
rather than graded, channels. Fertility management 
is important on all soils. Without it, plant cover is 
often sparse and erosion is harder to control. Chemical 
fertilizer is widely used. Also, because numerous live- 
stock is raised in the county, manure is readily avail- 
able and is used on most farms. Legumes are commonly 
grown as а green-manure crop. 

Soil blowing is a hazard on all cultivated soils, espe- 
cially in fields that are plowed in fall after soybeans 
are harvested. In this county plowing generally is done 
in fall for better distribution of labor. For maintain- 
ing tilth, however, plowing in fall has little or no ad- 
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Figure 15.—Trees on Castana and Napier soils in valleys and native grass on Ida and Hamburg soils on hillsides. 


vantage over plowing in spring, except on a few soils 
in drainageways or on bottom lands. 

The soils that are subject to wetness are in drain- 
ageways or on bottom lands, Tile can be used in most 
soils, but surface drainage normally is more practical 
in Luton and Albaton soils because they are clayey. 

In most years, rainfall plus stored soil moisture is 
adequate for the crops commonly grown in the county. 
However, where fertility management is good, in- 
sufficient moisture is commonly a limitation. This limi- 
tation is normally not serious, and therefore, very few 
irrigation systems have been installed. Àn increase in 
irrigation is probable. 


Pasture 


About 18.5 percent of the county is in pasture. In 
the uplands near the Big Sioux River Valley, many of 
the pastures are too steep for the use of farm ma- 
chinery. Other pastures are on moderately steep to 
steep soils that can be worked with machinery. Pas- 
tures are also on flood plains or in drainageways. 

Control of grazing is important on the very steep 
soils. Any renovation or reseeding must be done by 
hand. These pastures have native grasses such as big 
bluestem, little bluestem, and side-oats grama. Thin 
stands of trees occur, mostly on Steep rock land. 

Pastures on soils where farm machinery can be used 
commonly are in bromegrass or bromegrass and al- 


falfa. These pastures can be plowed and reseeded where 
necessary. Generally, corn is planted the first year, 
and then the land is reseeded. Other practices that can 
be used are topdressing with fertilizer or disking and 
reseeding the old sod. 

Pastures on flood plains and in drainageways are in 
bluegrass. If flood-control or drainage practices are 
installed, these pastures are used for crops. In 
areas that are subject to flooding and wetness, blue- 
grass pasture is а good use. Practices that can be used 
are controlled grazing, fertilization, and renovation 
where needed. Weed control is especially important 
because weed seed is carried by floodwaters. 


Trees 


Only about 12,000 acres, or 2 percent of the county, 
is woodland. Almost all the woodland is grazed and is 
managed mainly as pasture. 

А very small demand exists for timber products of 
the quality and volume produced in the county. Trees 
and shrubs are used mainly for windbreaks or for 
wildlife and recreation. In а few places, however, 
woodland competes with alternate uses. 

Sizable stands of trees are in low-lying areas along 
the larger streams. The biggest areas are along the 
Big Sioux River and along the lower reaches of the 
Floyd River. The stands in these areas consist mainly 
of eastern cottonwood, silver maple, and elm, but wil- 
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low, green ash, black walnut, and other trees are also 
common. 

The acreage of trees on bottom lands is decreasing 
as areas are cleared for farming. In most places where 
levees are built, stands of trees are left between the 
levee and the river. Also, along some of the streams, 
patches of woodland, a few acres in size, are isolated 
between the channel and the steep adjoining hillsides. 
These stands can be managed to provide wood products 
for on-farm use. They can possibly provide some mar- 
ketable timber also, black walnut in particular. 

The steep and very steep soils in the county are 
poorly suited to trees. Available water is limited be- 
cause runoff is rapid. North- and east-facing slopes are 
slightly more favorable than other slopes. Bur oak is 
n dominant tree on hillsides. It has little commercial 
value. 

Castana, Napier, and other soils on foot slopes sup- 
port stands that include black walnut, elm, and green 
ash (fig. 15, p. 33). Many of these woodlands are be- 
tween a steep hillside and a deep, active gully. These 
areas are not suitable for cultivated crops, because they 
are inaccessible, but soil characteristics are favorable. 
Managing these stands for production of hardwoods 
ean be considered. Planting evergreens for Christmas 
trees is another alternative. 

Good woodland management requires restricted 
grazing and elimination of competition from weeds 
and undesirable trees. Professional help can be secured 
by contacting a State forester or the local representa- 
tive of the Soil Conservation Service or Extension 
Service. 

Capability grouping 

Capability grouping shows, in a general way, the 
suitability of soils for most kinds of field crops. The 
soils are grouped according to their limitations when 
used for field crops, the risk of damage when they are 
so used, and the way they respond to treatment (18). 
The grouping does not take into account major and 
generaly expensive landforming that would change 
slope, depth, or other characteristics of the soils; does 
not take into consideration possible but unlikely major 
reclamation projects; and does not apply to horticul- 
tural crops or other crops that require special man- 
agement. 

Those familiar with the capability classification can 
infer from it much about the behavior of soils when 
used for other purposes, but this classification is not à 
substitute for interpretations designed to show suit- 
ability and limitations of groups of soils for range, 
woodland, or engineering. 

In the capability system, the kinds of soils are 
grouped at three levels: the capability class, subclass, 
and unit. These are discussed in the following para- 
graphs. 

CAPABILITY CLASSES, the broadest groups, are desig- 
nated by Roman numerals I through VIII. The nu- 
merals indicate progressively greater limitations and 
narrower choices for practical use, defined as follows: 

Class I soils have few limitations that restrict 
their use. 

Class II soils have moderate limitations that re- 
duce the choice of plants or that require mod- 
erate conservation practices. 


Class III soils have severe limitations that reduce 
the choice of plants, require special conservation 
practices, or both. 

Class IV soils have very severe limitations that 
reduce the choice of plants, require very careful 
management, or both. 

Class V soils are not likely to erode but have other 
limitations, impractical to remove, that limit 
their use largely to pasture, range, woodland, 
or wildlife. 

Class VI soils have severe limitations that make 
them generally unsuited to cultivation and limit 
their use largely to pasture or range, woodland, 
or wildlife. 

Class VII soils have very severe limitations that 
make them unsuited to cultivation and that re- 
strict their use largely to pasture or range, 
woodland, or wildlife. 

Class VIII soils and landforms have limitations 
that preclude their use for commercial plants 
and restriet their use to recreation, wildlife, 
water supply, or to esthetic purposes. (None in 
Plymouth County.) 

CAPABILITY SUBCLASSES are soil groups within one 
class; they are designated by adding a small letter, 
€, w, 8, от c, to the class numeral, for example, Пе. 
The letter e shows that the main limitation is risk of 
erosion unless close-growing plant cover is maintained ; 
ж shows that water in or on the soil interferes with 
plant growth or cultivation (in some soils the wetness 
can be partly corrected by artificial drainage) ; s shows 
that the soil is limited mainly because it is shallow, 
droughty, or stony; and e, used in some parts of the 
United States, but not in Plymouth County, shows that 
ps chief limitation is climate that is too cold or too 

ry. 
In class I there are no subclasses, because the soils 
of this elass have few limitations. Class V can contain, 
at the most, only the subclasses indicated by w, s, and 
€, because the soils in class V are subject to little or no 
erosion, though they have other limitations that re- 
strict their use largely to pasture, range, woodland, 
wildlife, or recreation. 

CAPABILITY UNITS are soil groups within the sub- 
classes. The soils in one capability unit are enough 
alike to be suited to the same crops and pasture plants; 
to require similar management, and to have similar 
productivity and other responses to management. Thus, 
the capability unit is a convenient grouping for mak- 
ing many statements about management of soils. Capa- 
bility units are generally designated by adding an 
Arabie numeral to the subclass symbol, for example, 
IIe-4 or IIIe-6. Thus, in one symbol, the Roman 
numeral designates the capability class, or degree of 
limitation; the small letter indicates the subclass, or 
kind of limitation, as defined in the foregoing para- 
graph; and the Arabic numeral specifically identifies the 
capability unit within each subclass. 


Management by capability units 


In the pages that follow, each of the capability units 
in Plymouth County is described, and suggestions for 
use and management of the soils are given. The names 
of soil series represented in a capability unit are men- 
tioned in the description of each capability unit, but 
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this does not mean that all the soils of а given series 
are in the unit. То find the names of the soils in any 
given unit, refer to the “Guide to Mapping Units” at 
the back of this survey. 


CAPABILITY UNIT 1-1 


This unit consists of level or nearly level silty soils 
that are well drained to somewhat poorly drained. The 
soils are on bottom lands or stream benches. 

These soils have a friable surface layer of silt loam 
or silty clay loam. Permeability is generally moderate 
or moderately slow, but it is very slow to slow in the 
soils that have a clayey substratum. The content of 
organic matter ranges from low to high. Available 
water capacity is high or very high. The surface layer 
ranges from slightly acid to mildly alkaline. It is gen- 
erally calcareous where the reaction is mildly alkaline. 

Most of the soils have a deep rooting zone. During 
periods of heavy rain in spring, root growth is some- 
what restricted by a seasonal high water table in the 
soils that have a clayey substratum. In places root 
growth is restricted in the soils that are underlain by 
sand and gravel, but generally the sand and gravel 
are at а depth of 4 feet or more and the effect on plant 
roots is slight. 

The soils of this unit have no serious limitations for 
intensive row cropping. The soils on bottom lands are 
subject to overflow, but only the soils in low-lying areas 
of bottom lands are not suited to crops. Floods gen- 
erally occur early in spring before planting time. 
Controlling weeds is а concern where weed seeds are 
deposited by floodwaters. The soils in low-lying areas 
and those that receive runoff from adjoining soils are 
likely to pond. 

These soils are well suited to irrigation and to row 
crops. If adequate water is available, crops respond to 
large applications of fertilizer. The soils are used 
mainly for eorn and soybeans, but а few other crops 
are also grown. А. few areas, especially on bottom 
lands, are used for pasture, and some pastured areas 
have stands of trees. 


CAPABILITY UNIT He-1 


This unit consists of gently sloping silty soils that 
are well drained to somewhat poorly drained. The 
soils generally are in narrow drainageways, but they 
also occur on foot slopes along the edges of larger 
valleys. | 

These soils have а surface layer of friable silt loam 
or silty clay loam. Permeability is moderate or mod- 
erately slow. Content of organic matter is generally 
moderate to high, but in some soils it is low. Available 
water capacity is high or very high in all the soils. The 
surface layer is mildly alkaline and calcareous to 
slightly acid, and noncalcareous. 

These soils receive runoff from adjoining soils. Sheet 
and rill erosion are hazards, and a large, actively cut- 
ting gully is in the center of some valleys. Runoff also 
causes siltation and wetness in places (fig. 16). The 
somewhat poorly drained soils, in particular, are ex- 
cessively wet during periods of heavy rainfall They 
have а seasonal high water table, and a line of tile 


Figure 16.5 eroded from Galva soils and deposited on soils 
of capability unit Пе-1. 


has been installed in many of the valleys. Siltation, 
however, is a more severe hazard on some soils in this 
unit than wetness. 

Contour tillage, terraces, and other conservation 
practiees help to reduce excess wetness in the soils of 
this unit. Large gullies can be filled and а grassed 
waterway established after runoff is controlled. 

These soils are well suited to row crops. However, 
most areas are long and narrow and are managed with 
adjoining steeper soils. Row cropping generally is not 
so intensive that control of erosion is а concern. Some 
areas are in pasture along with adjacent steep soils. 
These soils are suited to pasture. 


CAPABILITY UNIT He-2 


This unit consists of gently sloping silty or loamy 
soils that are moderately well drained or well drained. 
The soils are on uplands and stream benches. 

These soils have a friable silty clay loam, silt loam, 
or loam surface layer. Most have moderate perme- 
ability, but some soils have moderately rapid perme- 
ability in the upper part and very rapid permeability 
in the underlying sand or gravel. The organic-matter 
content ranges from low to high and depends to a great 
extent on the amount of erosion that has taken place. 
The available water capacity is high or very high in 
most of the soils, but in some soils it is low to moderate. 
The surface layer is generally neutral or slightly acid, 
but in some soils it is moderately alkaline and calcare- 
ous. 

These soils are subject to erosion. They are com- 
monly farmed with soils in capability unit Ille-1, 
which are sloping and are more susceptible to erosion 
than the soils of this unit. Erosion-control measures 
suitable for the more sloping soils are normally more 
than adequate for the soils of this unit. In places soils 
of this unit are farmed alone or with class I soils. 
Most of these areas are used for intensive row crop- 
ping. Control of erosion is a concern in cultivated areas. 

These soils are well suited to row crops, and corn 
and soybeans commonly are grown intensively. In а 
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Figure 17.—Colo silty clay loam, 0 to 2 percent slopes, in capability unit Пи-1. 


few areas the soils are near steeper soils, and these 
areas are used for pasture or hay. 


CAPABILITY UNIT Hw-1 


This unit consists of level or nearly level silty soils 
that are poorly drained. The soils are on bottom lands. 

These soils have а friable silty clay loam or silt 
loam surface layer. They have moderately slow perme- 
ability. The organic-matter content is high, and the 
available water capacity is high or very high. The 
surface layer ranges from slightly acid to moderately 
alkaline and calcareous. 

These soils are subject to overflow, but the hazard 
is slight or moderate in most areas. Slow runoff and in- 
adequate internal drainage are more severe limitations 
(fig. 17). À seasonal high water table restricts root 
growth in some seasons. Wetness generally can be 
overcome by using tile or surface drains. Suitable out- 
lets can be obtained in most places. It is hard to main- 
tain good tilth without adequate drainage. 

Typically these soils are used for intensive row 
cropping, which is a suitable use. Bluegrass pastures 
are fairly common in areas subject to more than aver- 
age flooding. In some of these areas, flood control and 
drainage are practiced and row crops are planted. 
Most of these soils, however, are in farms where all 
or most of the soils are well suited to row crops. Other 


soils generally can be prepared for intensive row crop- 
ping with less difficulty than the soils of this unit 
(fig. 18). 


CAPABILITY UNIT Ше-1 


This unit consists of moderately sloping silty soils 
that are well drained. The soils are on uplands, stream 
benches, and foot slopes. 

These soils have a friable or very friable silt loam 
or silty clay loam surface layer. They have moderate 
permeability. The organic-matter content ranges from 
low to high and depends to a great extent on the 
amount of erosion that has taken place. The available 
water capacity is high or very high. Typically the sur- 
face layer is neutral or mildly acid, but in some soils 
it is moderately alkaline and calcareous. 

These soils are subject to erosion. They are com- 
monly farmed with the less sloping soils in capability 
unit Пе-1 or with the more sloping soils in capability 
unit IIIe-2. In places where they are farmed with less 
sloping soils, row erops eommonly are planted. Soil 
loss is greater on the soils of this unit than on the less 
sloping soils if management is the same. In places 
where the soils of this unit are farmed with more 
sloping soils, the opposite is true. 

These soils are suited to intensive row cropping if 
adequate erosion control measures are used. Cropping 
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Figure 18.—Colo silty clay loam, 0 to 2 percent slopes, in capability unit IIw-1. This area has no artificial drainage and has been 
left in pasture. 


systems vary. In general row crops are grown more 
commonly on the Galva soils than on the other soils 
of this unit. The other soils typically are included on 
s that have strongly sloping and moderately steep 
soils. 


CAPABILITY UNIT IIIe 一 2 


This unit consists of strongly sloping silty soils that 
are well drained. The soils are on foot slopes, uplands, 
or stream benches. 

These soils have a friable or very friable silt loam 
or silty clay loam surface layer. They have moderate 
permeability. The organic-matter content ranges from 
low to high and depends to a great extent on the 
amount of erosion that has taken place. The available 
water capacity is high or very high. The surface layer 
is slightly acid to moderately alkaline and calcareous. 

These soils are very susceptible to erosion. Row 
crops are commonly grown, but soil loss is severe unless 
adequate erosion-control measures are used. Generally, 
meadows are used in the cropping system to help 
prevent excessive soil loss. 

These soils are suited to growing row crops fairly 
often if erosion is controlled. They are well suited to 
hay (fig. 19). Some areas that are intermingled with 
moderately steep to very steep soils are used for 
pasture, which is a suitable use. 


CAPABILITY UNIT IIIe-3 


This unit consists of gently sloping to strongly slop- 
ing loamy and silty soils that are well drained or some- 
what excessively drained. The soils are on stream 
benches and on escarpments between the benches and 
the flood plain. | 

These soils have а friable and very friable surface 
layer that ranges from fine sandy loam to silty clay 
loam. Commonly included on the soil maps are small 
areas that have а gravelly sandy loam surface layer 
and some that have pebbles and cobbles on the surface. 
Permeability is moderate, moderately rapid, or rapid. 
The organic-matter content is low to moderate. The 
available water capacity is low in some soils, but in soil 
complexes it ranges from low to very high in some 
areas. Typically the surface layer is neutral, mildly 
alkaline, or moderately alkaline. In a few places it is 
slightly acid. 

These soils are subject to erosion. They are com- 
monly farmed with nearly level and gently sloping 
soils, and row crops are commonly planted. Soil loss 
generally is greater on these soils than on other soils 
in the same fields. Soil blowing is a problem, especially 
on the soils that have a fine sandy loam surface layer, 
and it often damages young plants. Yields are com- 
monly limited by the lack of adequate available water. 

These soils are suited to row erops if erosion and 
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Figure 19.—Field of hay on Napier and Castana soils in capability unit Ше-2. Native grass on steeper soils in background. 


soil blowing are controlled. The amount of water avail- 
able in the soil at planting time has an influence on the 
choice of crops. If а source of water is available, irri- 
gation is a good possibility, particularly on the gently 
sloping soils. Practices that help conserve moisture 
and prevent soil blowing, such as crop residue manage- 
ment, are especially helpful on these soils. 


CAPABILITY UNIT IIIw-1 


This unit consists of nearly level to level, poorly 
drained clayey soils. The soils are on bottom lands. 

These soils have a firm silty clay surface layer. They 
have very slow to slow permeability. The organic- 
matter content ranges from low to high. The available 
water capacity is moderate. The surface layer is slightly 
acid to mildly alkaline and calcareous. 

Wetness is a limitation. Stream overflow is a hazard, 
but it is not a serious one in most areas. It is hard to 
get timely field operations and to maintain good tilth 
on these soils. Surface drains and land grading can be 
used to help overcome these problems. Some farmers 
use a lister to plant row crops on these soils. This 
makes it easier to avoid working the soil when it is too 
wet, because fewer field operations are needed (fig. 

0 


These soils commonly are used for intensive row 


cropping. They are well suited to this use if drainage is 
adequate. 


CAPABILITY UNIT IVe-1 


This unit consists of moderately steep silty soils that 
are well drained. The soils are on hillsides in the up- 
lands. 

These soils have a very friable or friable silt loam 
surface layer. They have moderate permeability. The 
organie-matter content is low to moderately high, de- 
pending on previous erosion. The available water ca- 
pacity is very high. The surface layer ranges from 
slightly acid to moderately alkaline and calcareous. 

These soils are very susceptible to erosion. Row 
crops сап be grown occasionally without excessive soil 
loss if erosion-control practices are used. Erosion- 
control practices are more difficult to build and to main- 
tain on these soils than on less sloping soils. Using а 
large proportion of meadow in the cropping system is 
an easy, effective method to help keep soil losses at а 
minimum. 

These soils are well suited to hay. They are suited 
to growing row crops occasionally if adequate erosion- 
control measures are used. In places these soils are 
next to steep or very steep soils and are used for pas- 
ture. They are well suited to this use. In most places 
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Figure 20.—Lister used to plant corn on Luton silty clay, 0 to 1 percent slopes, which is in capability unit ۲1۲۷-2۰ 


farm machinery can be used to apply fertilizer, to 
mow weeds, and to perform other measures needed to 
improve pastures. 


CAPABILITY UNIT IVe-2 


This unit consists of strongly sloping loamy and silty 
soils that are well drained. The soils are on uplands or 
on foot slopes at the base of steep slopes. 

These soils have a friable loam or clay loam surface 
layer. They have moderately slow or moderate per- 
meability. The organic-matter content is low to mod- 
erate, and the available water capacity is high or very 
high. The surface layer is moderately alkaline and cal- 
careous. 

These soils are very susceptible to erosion. The soils 
on foot slopes receive runoff and sediment from the 
steep hillsides. A good erosion-control system is impor- 
tant, especially if these soils are used for row crops. À 
diversion or basin terrace at the upslope edge of the 
soils on foot slopes reduces siltation and runoff. 

These soils are well suited to hay or pasture. Slopes 
are not too steep for the use of farm machinery, al- 
though adjacent slopes are too steep in many places. 
These soils are suited to growing row crops occasion- 
ally. Row crops commonly are grown next to fairly 
large areas of less sloping soils. Another possible use 


is for timber production, especially in areas that are 
not accessible with farm machinery. 


CAPABILITY UNIT Vw-1 


This unit consists of nearly level or level, dominantly 
silty soils that are moderately well drained or well 
drained. Also included are some poorly drained to 
somewhat excessively drained sandy, loamy, or clayey 
soils. These soils have a wide range of soil properties. 
They are on bottom lands. 

These soils are subject to frequent flooding and in 
places are cut by numerous meandering channels (fig. 
21). Major projects, such as building levees, are neces- 
sary to reduce these hazards. Other soil properties gen- 
erally are favorable for row crops. 

These soils are well suited to pasture or timber pro- 
duction. Generally, excellent stands of trees or pasture 
plants can be obtained, but the flood hazard needs to be 
considered in all management decisions. Row crops can 
be grown in places where limitations are less severe. 


CAPABILITY UNIT VIe-1 


This unit consists of moderately steep and steep soils 
that are well drained. The soils are on hillsides in the 
uplands or on moderately steep foot slopes at the base 
of steep to very steep hillsides. 
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Figure 21.—Bottom land in capability unit Vw-1 that is subject to frequent flooding and is cut up by meandering streams. Area has 
been left in pasture. 


These soils have a friable or very friable silt loam 
or clay loam surface layer. Permeability is moderate 
or moderately slow. The organie-matter content is 
moderate to low and depends somewhat on the amount 
of erosion that has taken place. The available water 
capacity is high or very high. The surface layer is 
moderately alkaline and calcareous. 

These soils are very susceptible to erosion. Some 
receive runoff and sediment from hillsides. Soils of this 
unit generally are used for pasture. Farm machinery 
can be used on many of the soils to improve pastures. 

These soils are well suited to pasture. Some of the 
less sloping areas are also suited to hay. In those areas 
an occasional row crop can be planted as a first step in 
reseeding the grass or grass and legume. These soils, 
ie Re those on foot slopes, also are suited to 
rees. 


CAPABILITY UNIT УПе-1 


This unit consists of gently sloping to very steep 
soils that are well drained or somewhat excessively 
drained. The soils have a wide range of soil properties. 
They are on moderately steep to very steep hillsides or 
in valleys that have large, actively cutting gullies. 

These soils have a very friable or friable silt loam 
or clay loam surface layer. They have moderate or 


moderately slow permeability. The organic-matter con- 
tent ranges from low to high, depending mainly on 
past erosion. The available water capacity is high or 
very high. The surface layer is generally moderately 
alkaline and calcareous, but in some soils it is neutral 
and noncalcareous. | 

These soils are very susceptible to sheet апа gully 
erosion. In addition, many of the soils on hillsides are 
somewhat droughty, because runoff is too rapid for 
adequate infiltration. Soils of this unit generally аге 
used for pasture, even where stands of trees exist. 
Grazing needs to be controlled. Reseeding and renova- 
tion are difficult because many places are too steep for 
the use of farm machinery. 

These soils are suited to pasture or trees. The soil 
complexes in this unit can be used for row crops if the 
gullies are controlled and filled, but this would be a 
major reclamation project. 


Predicted yields 


Іп table 2 the average yields per acre of principal 
crops are predicted under а high level of management. 
The yields are those to be expected under a manage- 
ment system that controls erosion; maintains organic- 
matter content and tilth; provides for the level of 
fertility needed for each crop (as indicated by soil 
tests and field trials) ; controls the water level in wet 
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TABLE 2.—Predicted average yields per acre of principal crops under high-level management 


[Absence of data indicates that the crop is not ordinarily grown on the soil] 
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Soil Corn Soybeans Oats Hay* Pasture? 
Ви Ви Ви Ton AUD? 

Albaton silty clay, 0 to 1 percent slopes _._____-_--------------------- 71 27 50 2.8 140 
Calco silty clay loam, 0 to 2 percent slopes -------------------------- 87 33 74 8.5 175 
Castana loam, 9 to 14 percent slopes -..............------------------ 47 18 83 1.9 90 
Castana silt loam, 14 to 30 percent slopes асс 1.7 85 
Castana-Gullied land complex, 9 to 14 percent slopes _____-_---------|__________|__________| __________| _________- 45 
Colo silt loam, calcareous overwash, 0 to 2 percent slopes -------------- 78 30 66 3.1 155 
Colo silty clay loam, 0 to 2 percent slopes ________-_------------------ 92 85 78 8.7 185 
Dickman fine sandy loam, 2 to 9 percent slopes ~-—------------------- 89 15 33 1.6 80 
Galva silty clay loam, 2 to 5 percent slopes ~___._---_-----.~---------- 90 34 77 3.6 180 
Galva silty clay loam, 5 to 9 percent slopes, moderately eroded سم‎ 84 32 71 3.4 170 
Galva silty clay loam, 9 to 14 percent slopes, moderately eroded ------ 76 29 65 8.0 150 
Galva silty clay loam, benches, 0 to 2 percent slopes ------------------ 94 86 80 8.8 190 
Galva silty clay loam, benches, 2 to 5 percent slopes _____ ------ 92 35 18 8.7 185 
Galva-Wadena complex, 5 to 14 percent slopes, moderately eroded ------ 67 95 56 27 185 
Graceville silt loam, 0 to 2 percent slopes ______--_------------------- 89 34 76 8.6 180 
Graceville silt loam, 2 to 5 percent slopes --___.-----_---------------- 87 33 14, 8.5 175 
Hamburg silt loam, 30 to 75 percent slopes -...--------..--------------, || 
Ida silt loam, 2 to 5 percent slopes, severely eroded -__---------------- 72 27 50 2.9 145 
Ida silt loam, 5 to 9 percent slopes, severely eroded _______ --.- 68 26 48 2.7 135 
Ida silt loam, 9 to 14 percent slopes, severely eroded ___________________ 60 23 42 2,4 120 
Ida silt loam, 14 to 20 percent slopes, severely eroded ________---------- 46 17 32 1.8 90 
Ida silt loam, 20 to 30 percent slopes, severely eroded ________-_-__-------|__________|__________| _________- 1.8 70 
Ida silt loam, 30 to 40 percent slopes, severely eroded |__| À À ا‎ 
Ida-Wadena complex, 5 to 14 percent slopes, severely eroded |... 55 21 39 2.2 110 
Kennebec silt loam, 0 to 2 percent slopes -——----------------------—-—--— 104 40 18 4,2 210 
Kennebec silt loam, 2 to 5 percent slopes un 92 35 64 3.7 185 
Kennebec silt loam, channeled, 0 to 2 percent slopes سیب سب‎ À" "À À اا‎ 
Kennebec silty clay loam, 0 to 2 percent slopes ------------------------ 106 40 74 4.2 210 
Kennebec-McPaul silt loams, 2 to 5 percent slopes _____ 2.2... 94 36 66 8.8 190 
Luton silty clay, 0 to 1 percent slopes _------------------------------- 65 25 45 2.5 125 
McPaul silt loam, 0 to 2 percent slopes _____--__---------------------- 94 36 66 3.8 190 
MePaul-Kennebec silt loams, 2 to 5 percent slopes __________-_-------- 90 84 63 8.6 180 
Modale silt loam, dark subsoil variant, 0 to 2 percent slopes ____________ 81 31 57 8.2 160 
Monona silt loam, 2 to 5 percent slopes __________________---__-_----- 85 82 60 8.4 170 
Monona silt loam, 5 to 9 percent slopes, moderately eroded __ __ 79 80 55 8.2 160 
Monona silt loam, 9 to 14 percent slopes, moderately eroded 72 27 50 2.9 145 
Monona silt loam, 14 to 20 percent slopes, moderately eroded 58 22 41 2.8 120 
Monona silt loam, benches, 2 to 5 percent slopes |... ی‎ 89 34 62 3.6 180 
Napier silt loam, 5 to 9 percent slopes __--_--_--_-__--_--_-----_----- 89 34 62 3.6 180 
Napier-Castana silt loams, 9 to 14 percent slopes ______-_-__-_____-- 79 30 55 8.2 160 
Napier-Gullied land complex, 2 to 10 percent slopes __________________|__________|____________________|_________- 55 
Omadi silt loam, 0 to 2 percent slopes ساب ساب باس اس‎ 82 81 57 8.4 170 
Omadi-Alluvial land complex, 0 to 2 percent slopes ی‎ À À fe 
Primghar silty clay loam, 2 to 5 percent slopes ___ 2-2. 95 36 81 8.8 190 
Radford silty clay loam, 0 to 2 percent slopes ______________________- 94 36 80 8.8 190 
Radford silty clay loam, 2 to 5 percent slopes ______________________-- 96 86 82 8.8 190 
Rough broken Јана zs سبط کت ی سس ان‎ ec Lue ет зала сав ee ce ланд ыш | عد د‎ аламы лед А سیک بات‎ ttem 
Salix silty clay loam, 0 to 2 percent slopes ___________________________-- 103 39 12 41 205 
Salix silty clay loam, leached subsoil variant, 0 to 2 percent slopes ____ 108 39 72 41 205 
Steep rock land 二 ee 
Steinauer clay loam, 9 to 14 percent slopes, severely eroded _________-- 68 26 48 2,7 135 
Steinauer clay loam, 14 to 18 percent slopes, severely eroded ___________|__________!___________ 26 1.8 90 
Steinauer clay loam, 18 to 30 percent slopes, severely eroded || 1.8 70 
Wadena loam, 2 to 5 percent slopes -.-------- ویب خی ی مایت‎ НИСЕ 67 25 47 2.7 135 


* Alfalfa-bromegrass hay. 
? Bromegrass pasture. 


* Animal-unit-day is the number of days that 1 acre will provide grazing for 1 animal-unit, or 1,000 pounds of animal weight, 


without damage to the pasture. 


soils; and provides for timely operations. A relatively The yield estimates are designed to serve as guides. 
small percentage of farmers now provide this level of They are approximations only and should be so con- 
management. sidered. Of more value than actual yield figures to 


АП available sources of yield information were used many users are the comparative yields between soils. 
to make these estimates, including data from the Fed- These relations should remain fairly consistent over 
eral Census, Iowa Farm Census, experimental farms, a period of years. On the other hand, actual yields 
cooperative experiments with farmers, and on-farm have been increasing in past years. If they continue to 
experience by soil scientists, extension workers, and increase as expected, predicted yields in this table will 
others. soon be too low, 
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Wildlife 2 


Proper plant cover, determined mainly by soil char- 
acteristics, is а basic requirement of all wildlife popu- 
lations. Other soil characteristics, such as slope, 
permeability, and drainage, determine the potential of 
natural wet areas Тог waterfowl habitat or for con- 
struction of ponds for fish. This combination of plant 
cover and specific soil characteristics allows identifica- 
tion of three general types of wildlife habitat in Plym- 
outh County: woodland, wetland, and open-land. 
Other factors such as disease, extreme weather condi- 
tions, predation, and hunting pressure affect wildlife 
populations; therefore, good wildlife habitat is not a 
guarantee of an abundant wildlife population. 

Table 3 describes the potential of soils in Plymouth 
County to produce seven elements of wildlife habitat 
and three kinds of wildlife. 

The occurrence of kinds of wildlife can generally be 
described according to soil associations, which are 
shown on the general soil map. The Ida-Hamburg asso- 
ciation in the southwestern part of the county is the 
most productive of white-tailed deer. Deer are also 
produced on the Kennebec-Radford-Colo association 
where the timber has not been removed. An estimated 
294 deer are present in the county. Pheasant are not 
abundant in the county; however, most are produced 
on the Galva and the Kennebec-Radford-Colo associa- 
tions, which are the most intensively farmed. Waterfowl 
are abundant in the county, mainly along the Big Sioux 
River in the Kennebec-Radford-Colo association. Plym- 
outh County is within the Missouri River waterfowl 
flyway; farm ponds in the county provide rest areas 
during spring and fall migrations. Fox squirrels are 
common but not abundant in the timbered areas of the 
Ida-Hamburg and Ida-Monona associations. Cottontail 
rabbits are found throughout the county in grass or 
weed cover as found along road ditches and fences. 
Hay land, especially in the Ida-Galva and Galva-Ida 
associations, provides important nesting cover. Farm 
ponds stocked with largemouth bass, channel catfish, 
or both, provide good fish production if fish are har- 
vested regularly. 


Engineering Uses of the Soils * 


This section is useful to those who need information 
about soils used as structural material or as foundation 
upon which structures are built. Among those who can 
benefit from this section are planning commissions, 
town and city managers, land developers, engineers, 
contractors, and farmers. 

Among properties of soils important in engineering 
are permeability, strength, compaction characteristics, 
soil drainage condition, shrink-swell potential, grain 
size, plasticity, and reaction. Also important are depth 


з By Вил, D. WELKER, biologist, Soil Conservation Service. | 
* VoLNEY H. SMITH, assistant State conservation engineer, Soil 
Conservation Service, assisted in the preparation of this section. 


to the water table, depth to bedrock, and slope. These 
properties, in various degrees and combinations, affect 
construction and maintenance of roads, airports, pipe- 
lines, foundations for small buildings, irrigation sys- 
tems, ponds and small dams, and systems for disposal 
of sewage and refuse. 

information in this section can be helpful to those 
who— 


1. Select potential residential, industrial, commer- 
cial, and recreational areas. 

2. Evaluate alternate routes for roads, highways, 
pipelines, and underground cables. 

3. Seek sources of gravel, sand, or clay. 

4. Plan farm drainage systems, irrigation sys- 
tems, ponds, terraces, and other structures for 
controlling water and conserving soil. 

5. Correlate performance of structures already 
built with properties of the kinds of soil on 
which they are built for the purpose of predict- 
ing performance of structures on the same or 
similar kinds of soil in other locations. 

6. Predict the trafficability of soils for cross-coun- 
try movement of vehicles and construction 
equipment. 

7. Develop preliminary estimates pertinent to 
construction in a particular area. 


Most of the information in this section is presented 
in tables 4, 5, and 6, which show, respectively, several 
estimated soil properties significant to engineering, in- 
terpretations for various engineering uses, and results 
of laboratory tests on soil samples. 

This information, along with the soil map and other 
parts of this publication, can be used to make interpre- 
tations and other useful maps. 

This information, however, does not eliminate need 
for further investigations at sites selected for engineer- 
ing works, especially works that involve heavy loads 
or that require excavations to depths greater than those 
shown in the tables, generally depths greater than 5 
feet. Also, inspection of sites is needed because many 
delineated areas of a given soil mapping unit may con- 
tain small areas of other kinds of soil that have strongly 
contrasting properties and different suitabilities or lim- 
itations for soil engineering. 

Some of the terms used in this soil survey have spe- 
cial meaning to soil scientists that is not known to all 
engineers. The “Glossary” defines many of these terms 
commonly used in soil science. 


Engineering soil classification systems 


The two systems most commonly used in classifying 
samples of soils for engineering are the Unified sys- 
tem, used by the SCS engineers. The Department of 
Defense (19), and others, and the AASHO system, 
adopted by the American Association of State High- 
way Officials (1). 

The Unified system classifies soils according to en- 
gineering uses for building material or for the support 
of structures other than highways. Soils are classified 
according to particle-size distribution, plasticity, liquid 
limit, and organic-matter content. Soils are grouped 
into 15 classes. There are eight classes of coarse- 


PLYMOUTH COUNTY, IOWA 43 


grained soils that are subdivided on the basis of gravel 
and sand content. These are identified as GW, GP, GM, 
GC, SW, SP, SM, and SC. Six classes of fine-grained 
soils are subdivided on the basis of content of organic- 
matter and nonplastic fines. They are CL, CH, ML, OL, 
МН, and OH. There is one class of highly organic soils, 
Pt. Soils on the borderline between two classes are 
designated by symbols for both classes, for example 
CL-ML. 

The AASHO system classifies soils according to 
those properties that affect use in highway construc- 
tion and maintenance. In this system, a soil is placed 
in one of seven basic groups, ranging from А-1 through 
A-7 on the basis of grain-size distribution, liquid limit, 
and plasticity index. In group A-1 are gravelly soils of 
high bearing strength, or the best soils for subgrade 
(foundation). At the other extreme, in group A—T, are 
clay soils that have low strength when wet and that 
are the poorest soils for subgrade. Where laboratory 
data are available to justify a further breakdown, the 
А-1, A-2, and А-7 groups are divided as follows: 
A-l-a, А-1-Ъ, А-2-4, А-2-5, А-2-6, А-2-7, А-%-5, 
and А—7—6. 

As additional refinement, the engineering value of а 
soil material can be indicated by а group index num- 
ber. Group indexes range from 0 for the best material 
to 20 or more for the poorest. The AASHO classifica- 
tion for tested soils, with group index numbers in 
parentheses, is shown in table 6; the estimated classifi- 
cation, without group index numbers, is given in table 
4 for all soils mapped in the survey area. 

Soil properties significant in engineering 

Estimates of several soil properties significant in 
engineering are given in table 4. These estimates are 
made by layers that have significantly different soil 
properties. The estimates are based on field observa- 
tions made in the course of mapping, on test data for 
these and similar soils, and on experience with the 
same kinds of soil in other counties. Following are ex- 
planations of some of the columns in table 4. 

Depth to seasonal high water table is the distance 
from the surface of the soil to the highest level that 
ground water reaches in the soil in most years. 

Soil texture is described in table 4 in the standard 
terms used by the Department of Agriculture. These 
terms are based on the percentages of sand, silt, and 
clay in soil material smaller than 2 millimeters. 
*Loam," for example, is soil material that contains 7 
to 277 percent clay, 28 to 50 percent silt, and less than 
52 percent sand. If the soil contains gravel or other 
particles coarser than sand, an appropriate modifier 
is added, as for example, “ртауеПу loamy sand." 
“Sand,” “silt,” “clay,” and some of the other terms 
used in USDA textural classification are defined in the 
*Glossary" of this soil survey. 

The percentage passing sieves, shown on table 4, is 
the normal range of soil particles passing the respec- 
tive screen sizes. 

Liquid limit and plasticity index are water contents 
obtained by specified operations. As the water content 
of a clayey soil from which the particles coarser than 
0.4 millimeter have been removed is increased from a 
dry state, the material changes from a semisolid to a 


plastic state. If the moisture content is further in- 
creased, the material changes from a plastic to a liquid 
state. The plastic limit is the moisture content at which 
the soil material changes from a semisolid to a plastic 
state; and the liquid limit from a plastic to a liquid 
state. The plasticity index is the numerical difference 
between the liquid limit and the plastic limit. It indi- 
cates the range of water content within which a soil 
material is plastic. Liquid limit and plasticity index 
are estimated in table 4, but in table 6 the data on 
liquid limit and plasticity index are based on tests of 
soil samples. 

Permeability, as used here, is an estimate of the rate 
at which saturated soil would transmit water in a ver- 
tical direction under a unit head of pressure. It is esti- 
mated on the basis of those soil characteristics ob- 
served in the field, particularly structure, porosity, and 
texture. Lateral seepage or much transient soil fea- 
tures as plowpans and surface crusts are not con- 
sidered. 

Available water capacity is an estimate of the ca- 
pacity of soils to hold water for use by most plants. 
It is defined here as the difference between the amount 
of water in the soil at field capacity and the amount at 
the wilting point of most plants. 

Reaction refers to the acidity or alkalinity of a soil, 
expressed as pH for a stated soil-solution mixture. The 
pH value and terms used to describe soil reaction are 
explained in the “Glossary.” 

Shrink-swell potential refers to the relative change 
in volume to be expected of soil material with changes 
in moisture content, that is, the extent to which the 
soil shrinks as it dries out or swells when it gets wet. 
The extent of shrinking and swelling is influenced by 
the amount and kind of clay in the soil. Shrinking and 
sweling of soils may damage building foundations, 
roads, and other structures. Soil that have a high 
shrink-swell potential are the most hazardous. 

Depth to bedrock is omitted from table 4. In most 
places in the county the bedrock is buried by many 
feet of unconsolidated soil material. The only excep- 
tion is along the edge of the Big Sioux River Valley, 
where there are outcrops of limestone, sandstone, and 
shale of Cretaceous age. Almost all of the outcrops are 
in areas of Steep rock land or Rough broken land. A 
few outcrops are present in the Ida, Hamburg, and 
Steinauer soils in that area. 


Engineering interpretations of the soils 


The interpretation in table 5 are based on the en- 
gineering properties of soils shown in table 4, on test 
data for soils in this survey area and others nearby or 
adjoining, and on the experience of engineers and soil 
scientists with the soils of Plymouth County. In table 
5, ratings are used to summarize limitation or suit- 
ability of the soils for all listed purposes other than for 
ponds and reservoirs, embankments, drainage for crops 
and pasture, irrigation, and terraces and diversions. 
For these particular uses, table 5 lists those soil fea- 
tures not to be overlooked in planning, installation, 
and maintenance. 

Soil limitations are indicated by the ratings slight, 
moderate, and severe. Slight means soil properties gen- 
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TABLE 3.—Suitability of the soils for elements 


Soil series and 
map symbols 


Elements of wildlife habitat 


Grain and Grasses and Wild herbaceous Hardwood trees 
seed crops legumes plants and shrubs 

Albaton: 156 _________------------------ Pair а ы Fair ss Fait =: 2. Ка. 
Calco: 733 2... . مایت‎ Good to fair ______ Good to fair _____- Good to fair -------- Fair 222222222 
Castana: 

JESS ی‎ ош A تک‎ Poor =... ما‎ Fair سا‎ Good ura ана Good . _ сс 

Ар! ш аьаа ne ы Fair 222-4 Fair |... سا سا اباب با‎ Good. el на Good = ساسا سا ات‎ 

983 ]( .. И ИЕ Кн Poor nes Poor ------------ Соба === са: Good ______-------_ 
Colo: 133, 133+ а Good to fair ------ Good to fair ______ Good to fair -------- Кай" Е. 
Dickman: 288 umm Pair’ 2 Good to fair سب‎ Good to fair سب‎ Bloc Z= =s 
Galva: 

3108, Т310, T310B ---.--------------- Good ____-------- Good 2... Good. s шш Se Good -------------—- 

31022. 31002 ee Ка] aaa ou Good __---------- Good __------------- Сода а 

31762 ی‎ н بت الب مد‎ Fair _________--- Good saa Good -__------------ Fair es а 
Graceville: 116, 1168 _____-___--------- Good سس‎ Good ------------ Good --------------- Good о сасады 
Hamburg: 2G _______---------------- Very poor سب‎ Poor =... Fair. à ке Poor sd. 
Ida: 

[1с а Лаа виа UP о ie sees Good _------------ Good = р Good L... بت‎ Good =... 

ІСЗ, 103. шуаш сама meurs des 2 Баі, 2 اتب‎ Good to fair سب‎ Good ____ 2-2 Fair ____________-_- 

[E3. e а DAL Lm Poor ____ Faire Good --------------- Fair to poor سب‎ 

о небе Poor _____--- Wait 3 Good = Poor سا‎ 

和 四 有 Very poor ____---- Fair to poor __--_- Good ___ سا سا‎ Poor ___________--- 

[ҮЗ o S z aa à ك‎ Fair 2... Fair 5.605 ама == Good __________-_---- Fait а mak 
Кеппеђес: 

198, 26, 212, 2128 -------~---------- Good ____-------- Good... Good as Good ______----_-_-- 

[2 ua تاک‎ eie sue e ЈЕ Poor 2-2. POOF aaa Palm clu Good _____-__-__----- 
Luton: bb uuu Fair lnc Fair. не КАШ aa a Ta ан Fair wn 
McPaul 

E E ESEE A Good _______---- Good ------------ Соба а ова u а Good о ns‏ د:88 

70 БЕКЕ À ыз Good _______---- Good ____-------- Good ______--__----- Good ______--------- 
Modale, dark subsoil variant: 149 ______ Good ____-------- Good ------------ Good --------------- Good ________------- 
Мопопа: 

LOB. МОВ 2 = сақа асына uum in a Good ________---- Good ____-------- Good __-__---------- Good: ame ин 

1022: ТОВЭ ae aaa am Wait 2o Good ___--------- Good __-------_----- Fai 二 -= 

lOE2 E т ЕРКЕККЕ Poor _______-_--- Fair. са а шанс Good поена ел Fair ___________--- 


Primghar: 918 
Radford: 467, 4678 
Rough broken land: 378 


Salix: 36 


Salix, leached subsoil variant: 607 


Steep rock land: 478 -—---------------- 
Steinauer: 
ЕЛДОС — 


Poor 
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of wildlife habitat and kinds of wildlife 


Elements of wildlife habitat—Continued Kinds of wildlife 
Coniferous plants Wetland Shallow 
and shrubs plants water areas Open-land Woodland Wetland 
Poor ____________--- Good .------------- Good ________------ he) bn = Fair __________- Good 
Poor سس بت‎ Good 222 = Good ааш Good to fair _____ Fair ________----- Good 
Good ________ .----- Very poor ______--- Very poor ____----- Fair ____---_----- Good _______----- Very poor 
Good see os Very poor سس‎ Very poor --------- Баш 2225-0212 Good _________-- Very poor. 
Good . L... see POOR tee POOF ass Fair 2: Good سب‎ Poor 
Poor ___________-_-- Good ---—---------- Good to fair ____--- Good to fair ____- Fair 22222-2 Good 
Fair ее 22 Very poor ____ Very poor ______---- Ка ыс le Fair = Very poor 
Poor =- Very poor ___-_---- Good ------------ Good =. Very noor 
Very poor -__ Very poor ______--- Good 2" Good ____-------- Мегу роот. 
Very poor --------- Very poor ____----- Good ____-------- Fair __________-- Very poor 
POOF lese Poor 22-1 Good = Good _____----_-- Poor 
Very poor --------- Very poor __------- Poor ------------ POOF xo. Very poor. 
Good __-___--------- Very poor --------- Very poor --------- Good савана с ам Good _________-- Very poor 
Balb ce Very poor --------- Very poor ____------ Fair ____ تست‎ Wait SEE EG Very poor 
Poor 2". Very poor --------- Very poor -_____ Fair ~------------ Fais 2-22-22 Very poor. 
Very poor سس‎ ery poor سب‎ Very poor ____----- Капеш сыс „ысышы Fair to poor ____- Very poor 
Very poor سس‎ Very poor --------- Very poor --------- Poor c. | Poor =. Very poor. 
Fair _____--___----- Very poor --------- Very poor ___-__--- Fair _______-_---- Fair __________- Very poor 
Good ادا‎ Poor == POOF 22 ee. Good _____-__-__--- Good _________ Poor 
Fair ___________--- Бағ 222 Fai سس بت کیت بت‎ Poor. =". £3 Fair _________-- Fair 
Poor ______________- Good =. Good _________----- Кају ова НА Fair _________-- Good 
Good 2 POOF ан POOF oe Good ______------ Good _______._--__ Poor. 
Good __________---- Fair а а-ы Fair == Good سس‎ Good _________- Fair 
Good سب سا‎ Fair __-_---------- Ка oni lo Good ie Good ________--_- Fair 
Very poor _____--- Very poor _____--- Good ______------ Good ----------—- Very poor. 
Very poor ___----- Very poor ______--- Good to fair ______ Wait ша Very poor 
Very poor ____---- Very poor _____---- Fair to poor _____ Fair سب تج ناد بت ات‎ Very poor 
Good 222-22 Каты See Very poor 
Good ____________-- Very poor Very poor 
Good == Poor ______---------- Poor ________------- 
Good __---.-.-_--~-- Faik ее Fair ۰2 2 یت تاج‎ Good ______------ Good ________---- Fair 
Fait NE Fair = =" Rai Poor .. 222 2222 Fair __________-- Fair 
Good ———-—-—----------- Fair to poor -___--- Poor 2... بت‎ соба nz Good ________-_-- Poor. 
Good -= Fair to poor _______ Poor ss = Good _____------- Good =") Poor. 
Poor _______-_-__--- Very poor سس‎ Very poor ______-_- Poor _________-_- Fair 22.2 Very poor 
Good ________------- Poor =". =: Poor _______-___--- Good سا‎ Good ________--- Poor. 
Good _______------- Poor. ul r =s Poor === 22 = Good ______------- Good _____-___--- Роот. 
Poor _____-_____--- Very poor --------- Very poor --------- Poor __________-- Fair - 1: Very poor. 
Good aaa аш Very poor -...----- Very poor _______-- Good ______------ Good 2. Very poor. 
Good ________-_--_-_-- Very poor _______- Very poor ..... Fauno Good __________- Very poor. 
Good lle e Very poor ______--- Very poor سب‎ Poor а Good to fair ._____ Very poor. 
Good --—------------ Poor ________-_-_-_-- Very poor ______--- Good ______ 22-2 Good .. __ Very poor. 
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TABLE 4.—_Estimated soil properties 


[An asterisk in the first column means that at least one mapping unit in this series is made up of two or more kinds of soil. The 
instructions for referring to other series that appear in the first column 


Depth to Classification 
Soil series seasonal Depth USDA 
and map symbols high water from texture | 
table surface Unified AASHO 
Feet Inches 
Albaton: 156 -_-.-___----__--_--- 11-3 0-42 | Silty clay or clay. سس‎ CH А-Т-6 or A-7-5 
42-60 2) ____________________-_ (2) (2) 
Alluvial land ______-------------- 11-8 0-60 | (3) _______________-_---- (=) (=) 
Маррей опју ш а сотрјех 
with Omadi soils. 
Calco: 733 ____________------------ 11-8 0-60 | Silty «ау Јоат______------ CL, CH or OH A-7-5 or A-7-6 
Castana: 
14D ___ سا سا سا اماب بات ساب نب اباب ساب‎ ` 5 0-15 | Loam ___________-_------- CL-ML, ML, or CL | А-4ог A-6 
15-60 | Silt loam _________------- CL-ML, ML, or CL | A-4 or A-6 
ЗЕ, 983D __________------------ > 5 0-60 | Silt loam ______-_-------- CL-ML, ML, or CL | A-4 or А-6 
Gullied land part of 983D 
is too variable to rate. 
Colo: | 
133 -----------.------------- 11-3 0-60 | Silty clay 1юат------------ CL, CH or OH A-T-5 or А-7-6 
133 十 س‎ 11-3 0-10 | Silt loam ---------------- CL-ML, ML, or CL | A-4 or А-6 
10-60 | Silty clay loam___ OH, CH, or CL А-7-6 or A-7-5 
Dickman: 28B -- _ cc -.--- > 5 0-14 Sandy loam or fine sandy SM, SM-SC,or SC | A-2-4 or A-4 
oam. 
14-60 | Loamy sand س‎ SP-SM А-1 or А-8 
*Galva: 3108, 310С2, 31002, > 5 0-12 | Medium or heavy silty clay | CH, MH, CL, or ML | A-7-6 
T310, T310B, 317С2. loam. 
For Wadena part of 317C2, 12-27 | Silty clay loam ----------= CL or CH A-7-6 
see Wadena series. 27-60 | Light silty clay loam or МЕ ог СІ, А-6 or A-7-6 
silt loam. 
Graceville: 116, ۱۱۵8 ------------- > 5 0-27 | Heavy silt loam or light MLorCL А-7-6 
silty clay loam. 
27-46 | Loam or sandy loam ------ СІ, А-6 
46-60 | Gravel __________--------- SM-SP А-1-а, A-1-b, 
or A-2-4 
Gullied land. 
Mapped only in complexes 
with Castana and Napier 
Soils. Material is too 
variable to rate. 
Hamburg: 2G ______------------- >10 0-60 | Silt loam ---------------- ML or ML-CL A-4 
*Ida: ۱83, 1C3, 103, IE3, 1F3, >10 0-60 | Silt loam ______---------- ML or CL А-4 or А-6 
1G3, 11403. 
For Wadena part of 11403, 
see Wadena series. 
*Kennebec: 198, 26, 212, 2128, 18-5 0-60 | Silt loam or light silty CLor ML A-6 or А-7-6 
C212. clay loam. 
For МеРаш part of 198, 
see McPaul series. 
Luton: 66 _________---------------- 11-3 0-19 | Silty clay or elay---------- CH or OH A-T-5 or A-7-6 
19-60 | Silty clay or clay__._ سس‎ CH A-T-5 or А-7-6 
*McPaul: 188, 70 _________------- 1 8-5 0-60 | Silt loam ______----------- CL or ML А-4 ог А-6 
For Kennebec part of 18В, 
see Kennebec series. 


significant to engineering 
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soils in such mapping units have different properties and limitations, and for this reason it is necessary to follow carefully the 
of this table. The symbol < means less than; > means more than] 


Percentage less than 3 inches passing sieve— 


"-€— M Available А 
Liquid Plasticity oe А Shrink-swell 
No. 4 No. 10 No.40 | No.200 limit index | Permeability a. Peacuon potential 
(4.7mm) | (2.0mm) | (0.42 mm) | (0.074 mm) 
Imches Imches per 
Percent per hour. inch of soil pH 
100 100 95-100 95-100 60-85 80-55 0. 0.11-0.13 74-84 | High. 
100 100 90-100 (2) (°) (°) (°) (2) 7.4-8.4 | (2). 
100 100 80-100 (°) e (%) e) (°) 6.6-8.4 | (°). 
100 100 95-100 90-100 41-60 15-30 0.2-0.6 0.19-0.22 74-84 | High. 
90-100 85-95 75-85 50-75 25-40 5-20 0.6-2.0 0.20-0.22 7.4-8.4 | Low to moderate. 
95-100 90-95 85-90 80-90 25-40 5-20 0.6-2.0 0.20–0.22 1.9-8.4 | Low to moderate. 
100 100 95-100 95-100 25-40 5-20 0.6-2.0 0.21-0.23 7.4-8.4 | Low to moderate. 
100 100 95-100 95-100 41-60 15-30 0.2-0.6 0.19-0.22 6.1-7.3 | High. 
100 100 98-100 95-100 25-40 5-20 0.6-2.0 0.21-0.23 7.4-8.4 | Moderate. 
100 100 98-100 96-100 41-60 15-30 0.2-0.6 0.19-0.22 6.1-7.3 | High. 
95-100 90-100 55-75 20—40 20-80 2-10 2.0-6.0 0.14-0.16 6.1-7.8 | Low. 
95-100 90-100 80-60 5-10 NP * NP 6.0-20.0 | 0.07-0.09 6.1-8.4 | Low. 
100 100 95-100 | 90-100 41-55 15-25 0.6-2.0 0.21-0.23 5.6-7.3 | Moderate to high. 
100 100 95-100 90-100 41-55 15-30 0.6-2.0 0.18-0.20 6.1-7.3 | Moderate to high. 
100 100 95-100 90-100 35-45 15-25 0.6-2.0 0.20-0.22 6.6-8.4 | Moderate. 
95-100 90-100 85-95 80-90 41-50 11-20 0.6-2.0 0.21-0.23 6.1-7.3 | Moderate to high. 
95-100 90-100 75-85 55-70 25-40 11-20 0.6-2.0 0.15-0.17 6.1-7.3 | Moderate. 
50-60 20-40 10-80 2-8 МР МР >20.0 | 0.02-0.04 7.4-8.4 | Very low. 
100 100 95-100 90-100 25-35 5-10 0.6-2.0 0.20-0.22 7.4-8.4 | Low. 
100 100 95-100 90-100 30-40 5-15 0.6-2.0 0.20-0.22 7.4-8.4 | Low. 
100 100 95-100 90—100 80-50 11-25 0.6-2.0 0.21-0.23 6.1-7.8 | Moderate. 
100 100 95-100 90-100 60-85 35-60 «0.2 0.12-0.14 6.6-7.8 | High. 
100 100 95-100 90-100 60-85 35-60 «0.2 0.11-0.13 6.6-8.4 | High. 
100 100 95-100 90—100 80-40 5-15 0.6-2.0 0.21-0.28 7.4-8.4 | Moderate. 
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TABLE 4.— Estimated soil properties 


Depth to Classification 
Soil series | һеавопа1 Depth Usps 
i te 
and map symbols igh wa г inm. exture Unified AASHO 
Feet Inches 
Modale, dark subsoil variant: 11-3 0-26 | Silt loam ---------------- MLor CL A-6 or A-7-6 
149. 26-60 | Silty clay or clay _ CH A-7-5 ох А-7-6 
Monona: 108, 10С2, 1002, IOE2, >10 0-40 | Silt loam LL c ____ ML от СІ, A-7-6 
TIOB. 40-60 | Silt loam ________-__----- ML or CL A-6 or A-7-6 
*Napier: 12C, 1700, 7172 _________ `> 5 0-60 | Silt loam _____________--- ML or CL A-7-6 or A-6 
For Castana part of 1700, 
see Castana series. 
Gullied land part of 717C 
is too variable to rate. 
*Omadi: 189, 609 ات سب‎ 13-5 0-60 | Stratified; dominantly silt | ML or CL A-4 or A-6 
For Alluvial land part of 609, loam. 
see Alluvial land. 
Primghar: 918 _________________- 12-4 0-19 | Silty clay loam. OH, MH, or OL A-7-5 or А-7-6 
19-60 | Silty clay loam or silt loam. CL А-6 or А-7-6 
Radford: 467, 4678 _______________ 113 0-60 | Silty clay Јоат_________--_ CL оғ ML A-6 or A-7-6 
Rough broken land: 378 سس‎ >10 0-60 | (2) „--------------------- (2) (5) 
Salix: 36 ______________________- 18-5 0-29 | Light silty clay loam_______ CL А-6 or A-7-6 
29-60 | Silty clay Гоат__________-- CL or ML А-6 or A-7-6 
Salix, leached subsoil variant: 13-5 0-17 | Light silty clay loam_______| CL А-6 or А-7-6 
607. 17-43 | Silty clay loam_______ --| CL or ML A-6 or A-7-6 
43-60 | Silt loam _____________--- CL оғ ML A-6 
Steep rock land: 478... >10 0-60 | (3) _____________________ (2) (2) 
Steinauer: 3303, 3363, 33۳3 ________ >10 0-60 | Clay loam _____________--- CL A-6 or A-7 
Wadena: 1088 ___________________. > 5 0-24 | Loam ___________________- ML-CL, CL, or ML | A-4 or A-6 
24-60 | Light sandy loam to sand SP-SM, SM, or SP A-1-6 or A-3 
and gravel. 
N 


* Susceptible to flooding or to runoff from upslope. 
2 Too variable to be estimated. 
* Nonplastic. 


erally are favorable for the rated use, or in other 
words, limitations are minor and easily overcome. 
Moderate means that some soil properties are unfavor- 
able but can be overcome or modified by special plan- 
ning and design. Severe means soil properties аге so 
unfavorable and so difficult to correct or overcome as 
to require major soil reclamation, special design, ог 
intensive maintenance. 

Soil suitability is rated by the terms good, јалт, and 
poor, which have, respectively, meanings approxi- 
mately parallel to the terms slight, moderate, and se- 
уеге. 

Following are explanations of the columns in table 5: 

Septic tank absorption fields are subsurface systems 
of tile or perforated pipe that distribute effluent from 
a septic tank into natural soil. The soil material be- 
tween depths of 18 inches and 5 feet is evaluated. The 
soil properties considered are those that affect both ab- 


sorption of effluent and construction and operation of 
the system. Properties that affect absorption are per- 
meability, depth to water table or rock, and susceptibil- 
ity to flooding. Slope affects difficulty of layout and 
construction and also the risk of erosion, lateral seep- 
age, and downslope flow of effluent. Large rocks or 
boulders increase construction costs. 

Sewage lagoons are shallow ponds constructed to 
hold sewage within a depth of 2 to 5 feet long enough 
for bacteria to decompose the solids. A lagoon has a 
nearly level floor and sides, or embankments, of com- 
pacted to medium density and the pond is protected 
from flooding. Properties are considered that affect the 
pond floor and the embankment. Those that affect the 
pond floor are permeability, organic matter, and slope; 
and if the floor needs to be leveled, depth to bedrock 
becomes important. The soil properties that affect the 
embankment are the engineering properties of the em- 
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Percentage less than 8 inches passing sieve— Available 
Liquid | Plasticity " yal a А Shrink-swell 
Мо.4 No.10 | No.40 | No.200 | limit index | Permeability | water, | Reaction potential 
(4.7 mm) (2.0 mm) | (0.42 mm) |(0.074 mm) 
Inches Inches per 
Percent per hour inch of soil pH 

100 100 95-100 90-100 30-50 11-20 0.6-2.0 0.21-0.23 6.6-7.8 | Moderate. 
100 100 95-100 90-100 60-85 40-60 <0.2 0.11-0.18 74-84 | High. 
100 100 95-100 90-100 41-50 15-30 0.6-2.0 0.20-0.23 6.1-8.4 | Moderate. 
100 100 95-100 90-100 85-45 11-20 0.6–2.0 0.20-0.23 7.4-8.4 | Moderate. 
100 100 95-100 90-100 80-50 11-25 0.6-2.0 0.21-0.23 6.1-7.8 | Moderats. 
100 100 95-100 90-100 30-40 5-15 0.6-2.0 0.21-0.23 7.4-8.4 | Low to moderate. 
100 100 95-100 90-100 45-60 20-35 0.2-0.6 0.21-0.23 6.1-7.8 | High. 
100 100 95-100 90-100 85-50 15-30 0.2-0.6 0.19-0.21 6.6-8.4 | Moderate to high. 
100 100 95-100 96-100 85—50 15-30 0.2-0.6 0.19-0.21 6.1-7.3 | High. 
(7) (°) (2) (2) (2) (2) (7) (2) 6.6-8.4 | (°) 
100 100 95-100 90-100 35-50 20-30 0.6-2.0 0.19-0.22 6.6–7.8 | Moderate to high. 
100 100 95-100 90-100 85-50 15-25 0.6-2.0 0.18-0.20 7.4-8.4 | Moderate to high. 
100 100 95-100 90-100 85-50 20-80 0.6-2.0 0.21-0.23 6.1-7.4 | Moderate to high. 
100 100 95-100 90-100 85-50 15-25 0.6–2.0 0.18-0.20 6.6-7.8 | Moderate tohigh. 
100 100 95-100 90-100 25-40 11-25 0.6-2.0 0.20-0.22 7.9-8.4 | Low to moderate. 
(2) (°) e (2) e) (2) (°) (=) 6.6-8.4 | C) 

95-100 85-95 80-95 55-75 80-45 15-25 0.2-0.6 0.16-0.18 7.4-8.4 | Moderate. 

95-100 95-100 65-85 55-70 25-40 5-15 2.0-6.0 0.19-0.21 6.1-7.3 | Low to moderate. 

50-90 40-60 85-55 3-10 NP NP >20.0 | 0.05–0.07 74-84 | Low. 


bankment material as interpreted from the Unified 
soil classification and the amount of stones, if any, 
which influences the ease of excavation and compaction 
of the embankment material. 

Shallow excavations are those that require digging 
or trenching to а depth of less than 6 feet, as for ex- 
ample, excavations for pipelines, sewer lines, phone 
and power transmission lines, basements, open ditches, 
and cemeteries. Desirable soil properties are good 
workability, moderate resistance to sloughing, gentle 
slopes, absence of rock outerops or big stones, and free- 
dom from flooding or a high water table. 

Sanitary landfill is a method of disposing of refuse 
in dug trenches. The waste is spread in thin layers, 
compacted, and covered with soil throughout the dis- 
posal period. Landfill areas are subject to heavy vehic- 
ular traffic. Some soil properties that affect suitability 
for landfill are ease of excavation, hazard of polluting 
ground water, and trafficability. The best soils have 


moderately slow permeability, withstand heavy traffic, 
and are friable and easy to excavate. Unless otherwise 
stated, the ratings in table 5 apply only to a depth of 
about 6 feet, and therefore a limitation rating of slight 
or moderate may not be valid for deeper trenches. For 
some soils, reliable predictions can be made to a depth 
of 10 or 15 feet, but regardless, every site should be 
investigated before it is selected. 

Local roads and streets, as rated in table 5, have an 
all-weather surface expected to carry automobile traffic 
all year. They have a subgrade of underlying soil ma- 
terial; a base of gravel, erushed rock, or soil material 
stabilized with lime or cement; and a flexible or rigid 
surface, commonly of asphalt or concrete. These roads 
are graded to shed water and have ordinary provisions 
for drainage. They are built mainly from soil at hand, 
and most cuts and fills are less than 6 feet deep. 

Soil properties that most affect design and construc- 
tion of roads and streets are load-supporting capacity 


50 


SOIL SURVEY 


TABLE 5.—Interpretations of 


[An asterisk in the first column means that at least one mapping unit in this series is made up of two or more kinds of soils. The 
instructions for referring to other series 


Soil series 


Degree and kind of limitations for— 


and map Septic tank Sewage Shallow Sanitary Loeal roads Road 
symbols absorption fields lagoons excavations landfill and streets fill 
Albaton: 156 ___| Severe: very Generally slight: | Severe: poorly | Severe: sea- Severe: poorly | Poor: high 
slow to slow seasonal high drained; sea- sonal high drained ; sub- shrink-swell 
permeability; water table sonal high water table; ject to flood- potential; 
unsatisfactory but more than water table; poorly ing if not poorly 
percolation 2 feet of very clayey sur- drained; sub- protected; drained. 
rate; sea- slowly to face layer. ject to flood- high shrink- 
sonal high slowly perme- ing unless swell poten- 
water table; able material protected; tial. 
subject to in upper part. clayey. 
flooding Severe where 
where not subject to 
protected. flooding. 
Alluvial land: __| Severe: sub- Severe: sub- Severe: sea- Severe: sub- Severe: sub- Poor to good: 


Mapped only 
in a complex 
with Omadi 
soils. 


Calco: 733 ------ 


*Castana: 3F, 
14D, 983D. 

For Gullied 
land part 
of 983D, 
see Gullied 
land. 


Severe: 


Severe: 


ject to flood- 
ing. 


mod- 
erately slow 
permeability ; 
seasonal high 
water table; 
subject to 
flooding. 


slopes 
of 9 to 30 
percent. 


Severe: 


ject to 
flooding. 


Severe: Sea- 


sonal high 
water table; 
high organic- 
matter con- 
tent; subject 
to flooding. 


mod- 
erate perme- 
ability; slopes 
of 9 to 30 
percent. 


Severe: 


sonal high 
water table; 
subject to 
flooding. 


poorly 
drained; sea- 
sonal high 
water table; 
subject to 
flooding. 


Moderate where 


slopes are 
less than 14 
percent, se- 
vere where 
slopes are 
more than 14 
percent. 


ject to flood- 
ing. 


Severe: sea- 
sonal high 
water table; 
poorly 
drained; sub- 
ject to flood- 
ing. 


Moderate to se- 
vere: sub- 
ject to runoff 
from high- 
lying areas; 
slopes of 
9 to 30 per- 
cent. 


Severe: 


ject to flood- 
ing. 


poorly 
drained; sub- 
ject to flood- 
ing; high 
shrink-swell 
potential. 


Moderate to se- 


vere: slopes 
of 9 to 30 
percent; low 
to moderate 
shrink-swell 
potential. 


Poor: high 


potential; 


Fair: 


varies from 
place to place. 


shrink-swell 


poorly 
drained. 


low to 
moderate 
shrink-swell 
potential; 
slopes of 9 to 
30 percent. 


engineering properties of the soils 
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soils in such mapping units may have different properties and limitations, and for this reason it is necessary to follow carefully the 
that appear in the first column of the table] 


Suitability as source of— 


Soil features affecting— 


Drainage for 
Sand š Pond Embankments, ЕРЕН Terraces апа 
and gravel Topsoil reservoir areas | dikes, and levees N Irrigation diversions 

Unsuitable _____ Poor: high Slopes of 0 to 1 Fair to poor Very slow to Slopes of 0 to Slopes of 0 to 
clay content; percent; very stability; fair slow perme- 1 percent; 1 percent. 
low organic- slow to slow to poor com- ability; poorly 
matter con- permeability ; paction char- clayey; sea- drained; sea- 
tent; poorly seasonal high acteristics ; sonal high sonal high 
drained. water table. low perme- water table; water table; 

ability when subject to moderate 
compacted ; flooding in available wa- 
high com- places. ter capacity; 
pressibility; intake rate of 
high shrink- 0.10 acre-inch 
swell poten- per hour.’ 
tial. 

Poor: possi- Fair to poor: Slopes of 0 to 2 Varies from Natural drain- Slopes of 0 to Slopes of 0 to 
bility of small low organic- percent. place to place age adequate 2 percent; 2 percent. 
areas of sand. matter con- but domi- in most character- 

tent. nantly fair places; sub- isties vary 
stability; fair ject to flood- from place to 
compaction ing. place; domi- 
character- nantly well 
isties; mod- drained; high 
erate perme- available wa- 
ability when ter capacity; 
compacted ; intake rate of 
medium to 0.30 acre-inch 
high com- per hour. 
pressibility ; 
piping hazard. 

Unsuitable __--- Poor: mod- Slopes of 0 to 2 Fair to poor Moderately slow | Slopes of 0 to Slopes of 0 to 
erately high percent; mod- stability; fair permeability ; 2 percent; 2 percent. 
clay count; erately slow to poor com- seasonal high poorly 
poorly permeability ; paction char- water table; drained; sea- 
drained. seasonal high acteristics; subject to sonal high 

water table. low perme- flooding. water table; 
ability when high to very 
compacted ; high avail- 
high com- able water 
pressibility ; capacity; in- 
high shrink- take of 0.20 
swell poten- acre-inch per 
tial; high or- hour. 
ganic-matter 
content. 

Unsuitable __--- Fair: slopes Slopes of 9 to Fair stability; Natural drain- Slopes of 9 to Short, straight 
of 9 to 30 30 percent; fair compac- age adequate. 80 percent; slopes of 9 
percent. moderate tion charac- hazard of percent; 

permeability. teristics; low erosion; very moderate 
to moderate high avail- permeability 
permeability able water makes level 
when com- capacity; in- terraces fea- 
pacted ; take rate of sible; hazard 
medium com- 0.35 acre-inch of erosion 
pressibility ; per hour. and siltation; 
piping hazard. low fertility 


in disturbed 
areas. 
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TABLE 5.—Interpretations of engineering 


Soil series 


Degree and kind of limitations for— 


and map Septic tank Sewage Shaliow Sanitary Local roads Road 
symbols absorption fields lagoons excavations landfill and streets fill 

Colo: 133, 133--..| Severe: mod- Severe: sea- Severe: poorly | Severe: sea- Severe: poorly | Poor: high 

erately slow sonal high drained; sea- sonal high drained; sub- shrink-swell 
permeability ; water table; sonal high water table; ject to flood- potential; 
seasonal high high organic- water table poorly ing; high poorly 
water table; matter con- at a depth of drained; sub- shrink-swell drained. 
subject to tent; subject 1 to 3 feet; ject to flood- potential. 
flooding. to flooding. subject to ing. 

flooding. 

Dickman: 288 ___| Slight? -------- Severe: rapid Severe: domi- Severe: rapid Slight |... Good ______---- 
permeability. nantly loamy permeability; 

sand. sandy. 

*Galva: 3108, Slight to mod- Moderate to se- | Slight where Slight to mod- Moderate: Fair: mod- 
310C2, 310D2, erate: mod- vere: mod- slopes are less erate: slopes slopes of 0 erate to high 
T310, T3108, erate perme- erate perme- than 9 per- of 0 to 14 to 14 percent; shrink-swell 
317C2. ability; slopes ability; slopes cent, moderate percent. moderate to potential ; 

For Wadena of 0 to 14 of 0 to 14 where slopes high shrink- slopes of 0 to 
part of percent. percent: mod- are more than swell poten- 14 percent; 
317C2, see erate to high 9 percent. tial. fair to poor 
Wadena organic-mat- bearing 
series. ter content. capacity. 

Graceville: 116, Slight? _______ Severe: very Slight to mod- Moderate: Moderate: Fair: mod- 
1168. rapid perme- erate; gravel very rapid moderate to erate to high 

ability in sub- at a depth of permeability high shrink- shrink-swell 
stratum about 4 feet. in substratum swell poten- potential. 
below a depth below a depth tial. 

of about 4 of about 4 

feet; moder- feet; sandy 

ate to high or gravelly 

organic-mat- substratum. 

ter content. 

Gullied land ----| (5) ____ 2 Chess sr O RSS EE 人 C) Lecce (Гу eaae Eee 

Mapped only 
in com- 
plexes 
with Cas- 
tana and 
Napier 


soils. 


PLYMOUTH COUNTY, IOWA 


properties of the soils—Continued 


53 


Suitability as source of— 


Soil features affecting— 


Pond 


Embankments, 


Drainage for 


Terraces and 


Sand : + as 
and gravel Topsoil reservoir areas | dikes, and levees crops and Irrigation diversions 
pasture 
Unsuitable _____ Poor: mod- Slopes of 0 to 2 Fair to poor Moderately slow | Slopes of 0 to Slopes of 0 to 
erately high percent; mod- stability; fair permeability; 2 percent; 2 percent. 
clay content; erately slow to poor com- seasonal high poorly 
poorly permeability; paction char- water table; drained; sea- 
drained. seasonal high acteristics; subject to sonal high 
water table. low perme- flooding. water table; 
ability when high to very 
compacted; high avail- 
high com- able water 
pressibility; capacity; in- 
high shrink- take rate of 
swell poten- 0.20 acre-inch 
tial; high or- per hour. 
ganic-matter 
content. 
Poor to fair Poor: high Slopes of 2 to 9 Good stability; Natural drain- Slopes of 2 to Short, irregular 
for sand. sand content; percent; rapid fair to good age adequate. 9 percent; slopes of 2 to 
moderately permeability. compaction hazard of soil 9 percent; 
low organic- character- blowing; low sandy mate- 
matter con- istics; mod- available wa- rial; hazard 
tent. erate to high ter capacity; of erosion 
permeability intake rate of and siltation; 
when com- 0.50 acre-inch low fertility 
pacted; slight per hour. in disturbed 
compressibil- areas. 
ity; piping 
hazard. 
Unsuitable _____ Fair: mod- Slopes of 0 to Fair to poor Natural drain- Slopes of 0 to Long, regular 
erately high 14 percent; stability; fair age adequate. 14 percent; convex slopes 
clay content; moderate to poor com- erosion haz- of 0 to 14 
slopes of 0 to permeability. paction char- ard; high to percent; 
14 percent. acteristics; very high moderate 
low to mod- available wa- permeability 


Good: sandor 
gravel at a 
depth of about 
4 feet. 


Unsuitable _____ 


Slopes of 0 to 5 
percent; mod- 
erate perme- 
ability; gravel 
or sand at a 
depth of about 
4 feet. 


erate perme- 
ability when 
compacted ; 
medium com- 
pressibility ; 
piping hazard. 


Fair stability; 
fair compac- 
tion charac- 
teristics; 
moderate 
permeability 
when com- 
pacted; me- 
dium com- 
pressibility; 
piping hazard. 


Natural drain- 
age adequate. 


Natural drain- 
age adequate. 


ter capacity; 
intake rate of 
0.30 acre-inch 
per hour. 


Slopes of 0 to 5 
percent; high 
available wa- 
ter capacity; 
intake rate of 
0.30 acre-inch 
per hour; 
sand or gravel 
at a depth of 
about 4 feet. 


makes level 
terraces fea- 
sible; hazard 
of erosion 
and siltation. 


Slopes of 0 to 5 
percent; con- 
vex slightly 
elevated 
positions 
on stream 
benches; 
gravel or 
sand at a 
depth of 
about 4 feet. 


C). 
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TABLE 5.—Interpretations of engineering 


Degree and kind of limitations for— 
Soil series 
and map Septic tank Sewage Shallow Sanitary Local roads Road 
Symbols absorption fields lagoons excavations landfill and streets fill 

Hamburg: 2G __| Severe: slopes Severe: mod- Severe: slopes Severe: slopes Severe: slopes | Poor: slopes 
of 30 to 75 erate perme- of 30 to 75 of 30 to 75 of 30 to 75 of 30 to 75 
percent. ability; slopes percent. percent. percent. percent. 

of 30 to 75 
percent. 

*Ida: 183, 1C3, Slight to se- Severe: mod- Slight where Slight to se- Slight to se- Good to poor: 
103, ТЕЗ, 183, vere: slopes erate perme- slopes are less vere: slopes vere: slopes slopes of 2 to 
163, ۰ of 2 to 10 ability; slopes than 9 per- of 2 to 40 of 2 to 40 40 percent; 

For Wadena percent; of 2 to 40 cent, moderate percent. percent. fair to poor 
part of satisfactory percent. where slopes bearing 
11403, see percolation are 9 to 14 capacity; 
Wadena rate. percent, se- medium com- 
series. vere where pressibility ; 

slopes are low shrink- 
more than 14 swell poten- 
percent. tial. 

*Kennebec: 198, Severe: mod- Severe: sea- Moderate to se- Severe: sea- Severe: sub- Fair: moderate 
26, 212, 2128, erate perme- sonal high vere: sea- sonal high ject to flood- shrink-swell 
C212. ability; sea- water table; sonal water water table; ing; moderate potential. 

For McPaul sonal high moderate per- table at а subject to Shrink-swell 
part of water table; meability; depth of 3 to flooding or to potential. 
198, see subject to high organic- 5 feet; sub- runoff from 
McPaul flooding. matter con- ject to flood- high-lying 
series. tent; subject ing. areas. 

to flooding. 

Luton: 66 ------ Severe: very Severe: sea- Severe: poorly | Severe: Sea- Severe: poorly | Poor: high 
slow to slow sonal high drained to sonal high drained; sub- shrink-swell 
permeability ; water table; very poorly water table; ject to flood- potential; 
seasonal high high organic- drained; wa- poorly ing; high poorly 
water table; matter con- ter tableat a drained; sub- shrink-swell drained. 
subject to tent; subject depth of 1 to ject to flood- potential. 
flooding. to flooding. 3 feet; clayey. ing; clayey. 
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Suitability as source of 一 


Soil features affecting— 


Sand 


Pond 


Embankments, 


Drainage for 


Terraces and 


and gravel Topsoil reservoir areas | dikes, and levees 2. Irrigation diversions 
Unsuitable _____| Poor: low or- Slopes of 30 to Poor stability; Natural drain- Slopes of 30 to Short, irregu- 
ganic-matter 75 percent; poor com- age adequate. 75 percent; lar, convex 

content; moderate per- paction char- hazard of slopes of 30 

slopes of 30 to meability but acteristics; erosion; high to 75 per- 

75 percent. approaches moderate to very high cent; mod- 
moderately permeability available wa- erate perme- 
rapid. when com- ter capacity; ability makes 

pacted; me- intake rate of level terraces 
dium com- 0.35 acre-inch feasible; 
pressibility; per hour.* hazard of 
piping hazard. erosion and 
siltation; low 
fertility in 
disturbed 
areas; gen- 
erally, con- 
struction 
feasible only 
at base of 
slope. 
Unsuitable _____| Poor: low or- Slopes of 2 to Poor stability; Natural drain- Slopes of 2 to Short, irregu- 
ganic-matter 40 percent; poor com- age adequate. 40 percent; lar, convex 

content; moderate paction char- hazard of slopes of 2 

slopes of 2 to permeability. acteristics; erosion; very to 40 per- 

40 percent. moderate high avail- cent; moder- 
permeability able water ate perme- 
when com- eapacity; in- ability makes 
pacted; me- take rate of level terraces 
dium com- 0.35 acre-inch feasible; 
pressibility ; per hour.* hazard of 
piping hazard. erosion and 

siltation; low 
fertility in 
disturbed 
areas. 
Unsuitable ____| Good _______--- Slopes of 0 to 5 Fair stability; Natural drain- Slopes of 0 to 5 Slopes of 0 to 
percent; fair com- age adequate; percent; very 5 percent; 
moderate paction char- seasonal high high avail- gently 
permeability; acteristics; water table; able water sloping soils 
seasonal high moderate subject to capacity; in- are on foot 
water table. permeability flooding. take rate of slopes at base 
when com- 0.30 acre-inch of steeper 
pacted; me- per hour. soils; moder- 
dium to high ate perme- 
compressibil- ability makes 
ity; piping level terraces 
hazard; high feasible; 
organic-mat- hazard of 
ter content. erosion and 
siltation. 
Unsuitable اس‎ Poor: high Slopes of 0 to 1 Fair to poor Very slow to Slopes of 0 to Slopes of 0 to 
clay content; percent; very stability; fair slow per- 1 percent; 1 percent. 
poorly slow perme- to poor com- meability ; poorly 

drained. ability; sea- paction char- clayey; sea- drained; sea- 
sonal high acteristics; sonal high sonal high 
water table. low perme- water table; water table; 

ability when subject to moderate 
compacted; flooding. available wa- 
high com- ter capacity; 
pressibility ; intake rate of 
high shrink- 0.10 acre-inch 


swell poten- 
tial; high or- 
ganic-matter 
content. 


per hour. 
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TABLE 5.—Interpretations of engineering 


Degree and kind of limitations for— 


Soil series . 
and map Septic tank Sewage Shallow Sanitary Local roads Road 
symbols absorption fields lagoons excavations landfill and streets fill 

*MePaul: 18B, Severe: sub- Severe: mod- Slight where Severe: sub- Severe: sub- Fair: moderate 
70. ject to erate per- protected ject to flood- ject to flood- shrink-swell 

For Kenne- flooding. meability; from flood- ing or to run- ing; moderate potential. 
bec part 、 subject to ing; slopes of off from shrink-swell 
of 188, see flooding. 0 to 5 percent; high-lying potential. 
Kennebec silt loam. areas. 
series. 

Modale, dark Severe: very Severe: sea- Severe: mod- Severe: sea- Severe: mod- Poor: high 
subsoil vari- slow to slow sonal high erately well sonal high erately well shrink-swell 
ant: 149. permeability water table; drained to water table; drained to potential in 

below a depth subject to somewhat moderately somewhat material be- 
of about 2 flooding. poorly well drained poorly low a depth 
feet; seasonal drained; some to somewhat drained; sub- of about 2 
high water areas subject poorly ject to flood- feet; moder- 
table; subject to flooding; drained; sub- ing; moderate ately well 
to flooding. seasonal water ject to flood- shrink-swell drained to 
table at a ing; clayey potential in somewhat 
depth of 1 to below a depth upper 2 feet, poorly 
8 feet. of about 2 high below drained. 
feet. that depth. 

Monona: 108, Slight to se- Moderate to se- Slight where Slight to se- Moderate to se- Fair: moderate 
10С2, 1002, уеге: slopes уеге: mod- slopes are less vere: slopes vere: slopes shrink-swell 
1022, TIOB. of 0 to 20 erate perme- than 9 per- of 0 to 20 of 0 to 20 per- potential; 

percent. ability ; slopes cent, moderate percent. cent; mod- slopes of 0 to 
of 0 to 20 where slopes erate shrink- 20 percent. 
percent; mod- are 9 to 14 swell poten- 
erately low percent, se- tial. 
or moderate vere where 
organic-mat- slopes are 
ter content. more than 14 
percent, 

*Napier: 12C, Slight to mod- Moderate to se- Slight where Slight to mod- Moderate: Fair: moderate 
170D, 717C. erate: slopes vere: mod- slopes are less erate: sub- slopes of 2 to shrink-swell 
For Castana of 2 to 14 erate perme- than 9 per- ject to run-off 14 percent; potential. 
part of percent. ability ; slopes cent, moderate from high- moderate 

170D and of 2 to 14 where slopes lying areas; shrink-swell 
for Gullied percent; high are more than slopes of 2 potential. 
land part organic-mat- 9 percent. to 14 percent. 

of 717C, ter content. 

see Cas- 

tana series 

and Gul- 

lied land, 

respec- 

tively. 
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Suitability as source of— 


Soil features affecting— 


Drainage for 


Sand š Pond Embankments, КЕШТЕ Теттасев апа 
апа gravel Topsoil reservoir areas | dikes, and levees E Irrigation diversions 

Unsuitable _____| Fair: low or- Slopes of 0 to Poor stability; Natural drain- Slopes of 0 to Slopes of 0 to 
ganic-matter 5 percent; poor com- age adequate; 5 percent; 5 percent; 
content. moderate paction char- subject to very high gently 

permeability. acteristics; draining. available wa- sloping soils 
moderate ter capacity; are on foot 
permeability intake rate of slopes at base 
when com- 0.85 acre-inch of steeper 
pacted; me- per hour. soils; moder- 
dium com- ate perme- 
pressibility; ability makes 
piping hazard. level terraces 
feasible; low 
fertility in 
disturbed 
areas. 

Unsuitable ات‎ Fair: low or- Slopes of 0 to Fair stability; Natural drain- Slopes of 0 to 2 Slopes of 0 to 
ganic-matter 2 percent; fair com- age adequate; percent; mod- 2 percent. 
content. moderate paction char- seasonal high erately well 

permeability acteristics; water table; drained to 

in upper part, low perme- subject to somewhat 

very slow to ability when flooding. poorly 

slow below compacted ; drained; sea- 

a depth of medium to sonal high 

about 2 feet; high com- water table; 

seasonal high pressibility. intake rate of 

water table. 0.35 acre-inch 
per hour.‘ 

Unsuitable -----| Good to fair: Slopes of 0 to Poor stability; Natural drain- Slopes of 0 to Short, irregu- 
moderately 20 percent; poor com- age adequate. 20 percent; lar, convex 
low to mod- moderate paction char- hazard of slopes of 0 to 
erate organic- permeability. acteristics; erosion; very 20 percent; 
matter con- moderate high avail- moderate 
tent; slopes permeability able water permeability 
of 0 to 20 when com- water capacity makes level 
percent. pacted; me- intake rate of terraces 

dium com- 0.85 acre-inch feasible; 

pressibility ; per hour. hazard of 

piping hazard. erosion and 
siltation; low 
fertility in 
disturbed 
areas. 

Unsuitable ___--| Fair: slopes Slopes of 2 to Fair stability; Natural drain- Slopes of 2 to Short, straight 
of 2 to 14 14 percent; fair com- age adequate. 14 percent; slopes of 2 to 
percent. moderate paction char- hazard of 14 percent on 

permeability. acteristics; erosion; very foot slopes 
moderate high avail- make level 
permeability able water terraces 
when com- capacity; in- feasible; 
pacted; me- take rate of hazard of 
dium to high 0.35 асге-іпеһ erosion and 
compressibil- per hour. siltation. 


ity; piping 
hazard; high 
organic-mat- 
ter content. 
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TABLE 5.—Interpretations of engineering 


Degree and kind of limitations for— 
Soil series 
and map Septie tank Sewage Shallow Sanitary Local roads Road 
symbols absorption fields lagoons excavations landfill and streets fill 

*Omadi: 189, 609_| Severe: sub- Severe: mod- Severe: sub- Severe: sub- Severe: sub- Fair: moderate 

For Alluvial ject to erate perme- ject to flood- ject to flood- ject to flood- shrink-swell 
land part flooding. ability; sub- ing. ing. ing; moderate potential. 
of 609, see ject to shrink-swell 
Alluvial flooding. potential. 
land. 

Primghar: 918 __| Severe: mod- Severe: sea- Severe: some- Severe: sea- Severe: some- | Poor: high 
erately slow sonal high what poorly sonal high what poorly shrink-swell 
permeability ; water table; drained; sea- water table; drained; sub- potential; 
seasonal high high organic- sonal water somewhat ject to flood- somewhat 
water table; matter con- table at a poorly img; high poorly 
subject to tent; subject depth of 2 to drained; sub- shrink-swell drained. 
flooding. to flooding. 4 feet. ject to flood- potential. 

ing or to run- 
off from high- 
lying areas. 
Radford: 467, Severe: mod- Severe: sea- Severe: some- | Severe: sea- Severe: some- | Poor: high 
4678. erately slow sonal high what poorly sonal high what poorly shrink-swell 
permeability; water table; drained; sea- water table; drained; sub- potential; 
seasonal high moderate to sonal water somewhat ject to flood- somewhat 
water table; high organic- table at a poorly ing; high poorly 
subject to matter con- depth of 1 to drained; sub- shrink-swell drained. 
fiooding. tent; subject 3 feet; sub- ject to flood- potential. 
to flooding. ject to flood- ing or to run- 
ing. off from high- 
lying areas. 
Rough broken Severe: slopes | Severe: slopes | Severe: slopes | Severe: sea- Severe: some- Poor: high 
land: 378. of 25 to 50 of 25 to 50 of 25 to 50 sonal high what poorly shrink-swell 
percent. percent. percent. water table; drained; sub- potential; 
somewhat ject to flood- somewhat 
poorly ing; high poorly 
drained; sub- shrink-swell drained. 
ject to flood- potential. 
ing or to 
runoff from 
high-lying 
areas. 
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Suitability as source of— 


Soil features affecting— 


Pond 


Embankments, 


Drainage for 


Terraces and 


Sand ; E ondes 
and gravel Topsoil reservoir areas | dikes, and levees ғ. Irrigation diversions 

Unsuitable _____ Fair: mod- Slopes of 0 to Poor stability; Natural drain- Slopes of 0 to Slopes of 0 to 
erately low or 2 percent; poor com- age adequate; 2 percent; 2 percent. 
low organic- moderate paction char- subject to very high 
matter con- permeability. acteristics; flooding. available wa- 
tent. moderate ter capacity; 

permeability intake rate of 
when com- 0.35 acre-inch 
pacted; me- per hour. 
dium com- 

pressibility ; 

piping hazard. 

Unsuitable _____ Fair: mod- Slopes of 2 to Fair to poor Moderately slow | Slopes of 2 to Short, concave 
erately high 5 percent; stability; fair permeability ; 5 percent; Slopes of 2 
clay content. moderately to poor com- seasonal high somewhat to 5 percent; 

slow perme- paction char- water table; poorly most areas in 
ability; sea- acteristics; Subject to drained; sea- waterways; 
sonal high low perme- flooding or sonal high hazard of 
water table. ability when runoff from water table; wetness in 
compacted ; high-lying high to very channels. 
high com- areas. high avail- 
pressibility. able water 
capacity; in- 
take rate of 
0.30 acre-inch 
per hour. 

Unsuitable ___-- Fair: mod- Slopes of 0 to Fair to poor Moderately slow | Slopes of 0 to Slopes of 0 to 
erately high 5 percent; stability; fair permeability ; 5 percent; 5 percent; 
clay content. moderately to poor com- seasonal high somewhat gently 

slow perme- paction char- water table; poorly sloping soils 
ability; sea- acteristics; subject to drained; sea- in water- 
sonal high low perme- flooding or to sonal high ways; hazard 
water table; ability when runoff from water table; of wetness in 
difficult to compacted ; high-lying very high channels. 
compact. high com- areas. available wa- 

pressibility; ter capacity; 

high shrink- intake rate of 

swell poten- 0.30 acre-inch 

tial. per hour. 

Unsuitable _____ Poor: slopes Slopes of 25 to Dominantly Natural drain- Slopes of 25 to Slopes of 25 to 
of 25 to 50 50 percent ; poor stability, age adequate. 50 percent; 50 percent; 
percent. dominantly but varies bedrock out- irregular; 

moderate from place to erops in bedrock out- 
permeability; place; poor places; hazard erops in 
bedrock out- compaction of erosion. places. 
erops in character- 
places. isties; moder- 

ate perme- 

ability when 

compacted ; 

medium com- 

pressibility ; 

piping haz- 

ard; bedrock 


outcrops in 
places. 
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SOIL SURVEY 


TABLE 5.—Interpretations of engineering 


Soil series 


Degree and kind of limitations for— 


and map Septie tank Sewage Shallow Sanitary Local roads Road 
symbols absorption fields lagoons excavations landfill and streets fill 

Salix: 36 ------- Severe: sub- Severe: mod- Moderate: Severe: sub- Severe: sub- Fair: moderate 

ject to flood- erate perme- moderately ject to flood- ject to flood- shrink-swell 
ing; seasonal ability; high well drained; ing. ing; moderate potential; 
water table organic-mat- seasonal wa- shrink-swell fair to poor 
аба depth of ter content; ter table at potential. bearing са- 
3 to 5 feet. subject to a depth of 3 pacity; fair 
flooding. to 5 feet. to poor 
compaction 
character- 
istics. 

Salix, leached Slight unless Moderate where | Moderate: sea- | Slight to mod- Severe: mod- Poor: mod- 
subsoil vari- subject to protected sonal water erate: sea- erate or high erate to high 
ant: 607. flooding; sea- from flood- table at a sonal water shrink-swell shrink-swell 

sonal water ing; moderate depth of 3 to table at a potential; potential; 

table at a permeability. 5 feet; sub- depth of 3 to high sus- fair to poor 
depth of 3 to ject to infre- 5 feet. ceptibility to bearing ca- 

5 feet. quent flooding. frost action. pacity; fair 
to poor com- 
paction char- 
acteristics. 

Steep rock land: Severe: steep Severe: steep Severe: slopes | Severe: steep Severe: steep Poor: steep 
478. and very and very of 30 to 75 and very steep and very and very 

steep slopes. steep slopes. percent. slopes; bed- steep slopes. steep slopes. 


Steinauer: 33D3, 
33E3, 33F3. 


Wadena: 1088 ___ 


Severe: mod- 
erately slow 
permeability ; 
slopes of 5 to 
40 percent. 


Slight ° 


Severe: slopes 
of 5 to 40 
percent. 


Severe: mod- 
erately rapid 
permeability 
In upper part, 
very rapid be- 
low a depth 
of about 2 or 
8 feet; mod- 
erate organic- 
matter con- 
tent; sand 
and gravel in 
substratum 
too porous to 
hold water. 


Moderate where 
slopes are less 
than 14 per- 
cent, severe 
where slopes 
are more than 
14 percent; 
clay loam; 
some stones. 


Severe: sand 
and gravel 
below a depth 
of about 2 
feet. 


rock at a 
depth of less 
than 40 
inches. 


Moderate to se- 
vere: slopes 
of 5 to 40 
percent. 


Severe: mod- 
erately rapid 
permeability 
to a depth of 
about 2 feet, 
very rapid 
below that 
depth; sandy 
or gravelly 
substratum. 


Moderate to se- 
vere: slopes 
of 5 to 40 
percent; mod- 
erate shrink- 
swell poten- 
tial. 


Slight to mod- 
erate: mod- 
erate shrink- 
swell potential 
in upper 2 
feet, low 
below that 
depth. 


Fair to poor: 
moderate 
Shrink-swell 
potential; 
slopes of 5 to 
40 percent; 
good bearing 
capacity; 
fair to good 
compaction 
character- 
istics. 


Good: good 
bearing ca- 
pacity and 
shear 
strength. 


1 Cracks develop in this soil as it dries, and intake rate is much greater until the cracks close. 
In places where permeability of the underlying material is rapid or very rapid, pollution is a hazard. 
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Suitability as source of 一 


Soil features affecting— 


Pond 


Embankments, 


Drainage for 


Terraces and 


Sand А s DE 
and gravel Topsoil reservoir areas | dikes, and levees crops and Irrigation diversions 
pasture 

Unsuitable ~--~- Fair to good: Slopes of 0 to Fair stability; Natural drain- Slopes of 0 to 2 Slopes of 0 to 
friable silty 2 percent; fair com- age adequate; percent; mod- 2 percent. 
clay loam. moderate paction char- subject to erately well 

permeability. acteristics; flooding. drained; high 
moderate to very high 
permeability available wa- 
when com- ter capacity; 
расјед; me- intake rate of 
dium to high 0.30 acre-inch 
compressibil- per hour. 
ity; piping 
hazard; high 

. organic-mat- 

ter content. 

Unsuitable _____ Fair to good: Slopes of 0 to Fair stability; Natural drain- Slopes of 0 to 2 Slopes of 0 to 
friable silty 2 percent; fair com- age adequate; percent; well 2 percent. 
clay loam. moderate paction char- subject to drained; high 

permeability; acteristics; infrequent to very high 
seasonal wa- moderate flooding. available wa- 
ter table at permeability ter capacity; 
a depth of 3 when com- intake rate of 
to 5 feet. pacted; me- 0.30 acre-inch 

dium to high per hour. 

compressibil- 

ity; piping 

hazard; high 

organic-mat- 

ter content. 

Unsuitable ___-- Poor: steep Steep and very Bedrock at a Natural drain- Steep and very Steep and very 
and very steep slopes; depth of less age adequate. steep slopes; steep slopes; 
steep slopes. bedrock at a than 40 bedrock at a bedrock at a 

depth of less inches. depth of less depth of less 
than 40 than 40 than 40 
inches. inches; hazard inches. 

of erosion. 

Poor: possi- Fair to poor: Slopes of 5 to Fair to good Natural drain- | Slopes of 5 to Convex slopes 
bility of small moderately 40 percent; stability; fair age adequate. 40 percent; of 5 to 40 
pockets of high clay con- moderately to good com- hazard of percent; level 
sand or gravel tent; some slow per- paction char- erosion; high terraces 
in places. rocks low in or- meability; acteristics ; available wa- sometimes 

ganic-matter possibility of low perme- ter capacity; pond water; 
content; sand or gravel ability when intake rate of hazard of 
slopes of 5 to pockets in compacted; 0.15 acre-inch erosion and 
40 percent. places. medium to per hour. siltation; low 
high com- fertility in 
pressibility. disturbed 
areas. 

Good: over- Good __________ Slopes of 2 to 5 Good stability; Natural drain- Slopes of 2 to 5 Slopes of 2 to 

burden about percent; mod- fair to good age adequate. percent; haz- 5 percent; 
2 feet deep erately rapid compaction ага of erosion; convex ele- 
over sand permeability character- low to moder- vations on 
and gravel. to a depth of istics; high ate available stream 
about 2 feet; permeability water ca- benches; 
very rapid when com- pacity; intake sand or 
below that pacted; slight rate of 0.35 gravel at a 
depth; gravel compressi- acre-inch per depth of 
or sand below bility. hour; sand or about 2 feet. 


a depth of 
about 2 feet. 


gravel at a 
depth of 
about 2 feet. 


3 For interpretations for Gullied land, see Castana and Napier series. 
* Surface tends to seal which reduces intake rate. 
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TABLE 6.—Engineering 
[Tests performed by the Iowa 


Moisture-density ' Mechanical analysis ? 
Report Depth Percentage passing sieve— 
Soil and location Parent material No. from Horizon | Maximum | Optimum 
AAD6 surface ry moisture 
density content 
No. 10 No. 40 No. 60 
(2.0 mm) | (0.42 mm) | (0.25 mm) 
In. Pet 
Galva silty clay loam: | Wisconsin loess. 445 0-7 Ap 88 26 100 100 99 
NEUNEY, 446 12-27 B2t 93 24 ти 100 
30-91N-43a 66 feet 447 21-42 B3 94 21 (7777777777(7-7-22--- 100 
W. and 46 feet S. 
of Coast and Geo- 
detic Survey wit- 
ness post. 
(Modal) 


! Based on AASHO Designation: T 99 (1) 


? Mechanical analyses according to AASHO Designation: T 88 


and stability of the subgrade, and the workability and 
quantity of cut and fill material available. The AASHO 
and Unified classifications of the soil material, and also 
the shrink-swell potential, indicate traffic-supporting 
capacity. Wetness and flooding affect stability of the 
material. Slope, depth to hard rock, content of stones 
and rocks, and wetness affect ease of excavation and 
amount of cut and fill needed to reach an even grade. 

Road fill is soil material used in embankments for 
roads. The suitability ratings reflect the predicted per- 
formance of soil after it has been placed in an embank- 
ment that has been properly compacted and provided 
with adequate drainage and the relative ease of ехса- 
vating the material at borrow areas. 

Sand and gravel are used in great quantities in many 
kinds of construction. The ratings in table 5 provide 
guidance about where to look for probable sources. А 
soil rated as à good or fair source of sand or gravel 
generally has a layer at least 3 feet thick, the top of 
which is within a depth of 6 feet. The ratings do not 
take into account thickness of overburden, location of 
the water table, or other factors that affect mining of 
the material nor do they indicate quality of the deposit. 

Topsoil is used for topdressing an area where vege- 
tation is to be established and maintained. Suitability 
is affected mainly by ease of working and spreading 
the soil material, as for preparing a seedbed; natural 
fertility of the material, or the response of plants when 
fertilizer is applied; and absence of substances toxic 
to plants. Texture of the soil material and its content 
of stone fragments affect suitability, but also consid- 
ered in the ratings is damage that will result at the 
area from which topsoil is taken. 

Pond reservoir areas hold water behind a dam or 
embankment. Soils suitable for pond reservoir areas 
have low seepage, which is related to their permeabil- 
ity and depth to fractured or permeable bedrock or 
other permeable material. 

Embankments, dikes, and levees require soil mate- 
rial that is resistant to seepage and piping and that 


(1). 


has favorable stability, shrink-swell potential, shear 
strength, and compactibility. Presence of stones or or- 
ganic material in a soil are among factors that are un- 
favorable. 

Drainage for erops and pasture is affected by per- 
meability, texture, and structure; depth to claypan, 
rock, or other layers that influence rate of water move- 
ment; depth to the water table; slope; stability in 
ditchbanks; susceptibility to stream overflow; salinity 
or alkalinity; and availability of outlets for drainage. 

Irrigation of a soil is affected by slope; susceptibility 
to stream overflow, water erosion, or soil blowing; 
texture; content of stones; accumulations of salts and 
alkali; depth of root zone; rate of water intake at the 
surface; permeability of soil layers below the surface 
layer and in fragipans or other layers that restrict 
movement of water; amount of water held available to 
plants; and need for drainage or depth to water table 
or bedrock. 

Terraces and diversions are embankments or ridges 
constructed across the slope to intercept runoff so that 
it soaks into the soil or flows slowly to a prepared out- 
let. Features that affect suitability of a soil for ter- 
races are uniformity and steepness of slope; depth to 
bedrock or other unfavorable material; presence of 
stones; permeability; and resistance to water erosion, 
soil slipping, and soil blowing. A soil suitable for these 
structures provides outlets for runoff and is not diffi- 
cult to vegetate. 


Test data 


Table 6 contains engineering test data for a Galva 
soil in Plymouth County. These tests were made to 
help evaluate the soil for engineering purposes. The 
engineering classifications given are based on data ob- 
tained by mechanical analyses and by tests to deter- 
mine liquid limits and plastic limits. The mechanical 
analyses were made by combined sieve and hydrometer 
methods. 


PLYMOUTH COUNTY, IOWA 


63 


test data 
State Highway Commission] 
Mechanical analysis *—Continued Classification 
Percentage passing Percentage smaller than— 
sieve— Continued Liquid Plasticity 
limit index AASHO® | Unified * 
No. 100 No. 200 0.05 0.02 0.005 0.002 0.001 
(0.15 mm) |(0.074 mm) mm mm mm mm mm 
Pet 
99 98 91 64 41 34 29 44 20 | A-7-6(13) CL 
100 99 93 66 43 87 31 48 24 | А-Т-6(15) СІ, 
100 100 90 58 87 31 21 42 22 | А-7-6(18) СІ, 


s Based on AASHO Designation M 145-49 (1). 
+ Based on MIL-STD-619B (19). 


Compaction (or moisture-density) data are impor- 
tant in earthwork. If a soil material is compacted at 
successively higher moisture contents, assuming that 
the compactive effort remains constant, the density of 
the compacted material increases until the optimum 
moisture content is reached. After that, density de- 
creases with increase in moisture content. The highest 
dry density obtained in the compactive test is termed 
maximum dry density. Аз a rule, maximum strength 
of earthwork is obtained if the soil is compacted to the 
maximum dry density. 


Recreation 


Knowledge of soils is necessary in planning, devel- 
oping, and maintaining areas used for recreation. In 
table 7 the soils of Plymouth County are rated accord- 
ing to limitations that affect their suitability for camp 
areas, picnic areas, playgrounds, and paths and trails. 

In table 7 the soils are rated as having slight, mod- 
erate, or severe limitations for the specified uses. For 
all these ratings, it is assumed that a good cover of 
vegetation can be established and maintained. А limi- 
tation of slight means that soil properties are gener- 
ally favorable and limitations are so minor that they 
can easily be overcome. А moderate limitation can be 
overcome or modified by planning, by design, or by 
special maintenance. А severe limitation means that 
costly soil reclamation, special design, intense mainte- 
nance, or a combination of these, is required. 

Camp areas are used intensively for tents and small 
camp trailers and the accompanying activities of out- 
door living. Little preparation of the site is required, 
other than shaping and leveling for tent and parking 
areas. Camp areas are subject to heavy foot traffic and 
limited vehicular traffic. The best soils have mild 
slopes, good drainage, a surface free of rocks and 
coarse fragments, freedom from flooding during peri- 


ods of heavy use, and a surface that is firm after rain 
but not dusty when dry. 

Picnic areas are attractive natural or landscaped 
tracts used primarily for preparing meals and eating 
outdoors. These areas are subject to heavy foot traffic. 
Most of the vehicular traffic, however, is confined to 
access roads. The best soils are firm when wet but not 
dusty when dry; are free of flooding during the season 
of use; and do not have slopes or stoniness that greatly 
increases cost of leveling sites or of building access 
roads. 

Playgrounds are used intensively for baseball, foot- 
ball, badminton, and similar organized games. Soils 
suitable for this use withstand intensive foot traffic. 
The best soils have a nearly level surface free of coarse 
fragments and rock outcrops, good drainage, freedom 
from flooding during periods of heavy use, and a sur- 
face that is firm after rains but not dusty when dry. If 
grading and leveling are required, depth to rock is im- 
portant. 

Paths and trails are used for local and cross-country 
iravel by foot or by horseback. Design and layout 
should require little or no cutting and filling. The best 
soils are at least moderately well drained, are firm 
when wet but not dusty when dry, are flooded no more 
than once during the season of use, have slopes of less 
than 15 percent, and have few or no rocks or stones on 
the surface. 


Formation and Classification 


of the Soils 


In this section the factors that affect the forma- 
tion of the soils in Plymouth County are discussed, and 
the soil series are placed in the higher categories of the 
classification system. 
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TABLE 7.—Use of the soils for recreational developments 


Soil series and map symbols 


Degree of limitation and major features affecting use for— 


Camp areas Picnic areas Playgrounds Paths and trails 
Albaton: 156 ___________-_------ Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained; very slow drained; very slow drained; very slow drained; very slow 
to slow permeability; to slow permeability; to slow permeabil- to slow permeabil- 
clayey surface layer; clayey surface layer; ity; clayey surface ity; clayey surface 
seasonal water table seasonal water table layer; seasonal layer; seasonal 
at a depth of 1 to 3 at a depth of 1 to 3 water table at a water table at a 
feet. feet. depth of 1 to 3 feet. depth of 1 to 3 feet, 
Calco: 733 _________________---- Severe: poorly Severe: poorly Severe: poorly Severe: poorly 
drained; subject to drained; subject to drained; subject to drained; subject to 
flooding; moderately flooding. flooding; moder- flooding; moder- 
slow permeability. ately slow per- ately slow per- 
meability. meability. 
Castana: 
ЗЕ, 14D __________.________--- Moderate where slopes | Moderate where slopes | Severe: slopes of 5 Slight where slopes 
are less than 14 per- are less than 14 per- to 30 percent. are less than 14 
cent, severe where cent, severe where percent, moderate 
slopes are more than slopes are more than where slopes are 
14 percent; well 14 percent. more than 14 per- 
drained; moderate cent; well drained; 
permeability. silt loam surface 
layer. 
983D ____________-_-------- Severe: gullies Severe: gullies Severe: gullies Moderate: gullies 
Ratings are for both parts dangerous. dangerous. dangerous. dangerous. 
of unit. 
Colo: 133, 1334 _______--------- Severe: poorly Severe: poorly Severe: poorly Severe: poorl 


Dickman: 288 ___________------- 


Galva: 
3108, 310C2, 31002, T310, 
T310B. 


317C2 
Ratings are for both parts 


of unit. 


Gracevile: 116, 1168 


Hamburg: 2G ______----------- 


drained; subject to 
flooding; moderately 
slow permeability. 


Slight where slopes are 


less than 9 percent, 
moderate where 
slopes are more than 
9 percent; well 
drained; moderate 
permeability; silty 
clay loam surface 
layer. 


Moderate: slopes of 5 


to 14 percent. 


Severe: slopes of 30 to 
15 percent. 


drained; subject to 
flooding. 


Slight where slopes are 


less than 9 percent, 
moderate where 
slopes are more than 
9 percent; well 
drained; silty clay 
loam surface layer. 


Moderate: slopes of 5 


to 14 percent. 


Severe: slopes of 30 to 


15 percent. 


drained; subject to 
flooding; moder- 
ately slow per- 
meability. 


Moderate: 
2 to 9 percent. 


Slight where slopes 
are less than 2 per- 
cent, moderate 
where slopes are 2 
to 5 percent, severe 
where slopes are 
more than 5 per- 
cent; well drained; 
moderate. permea- 
bility; silty clay 
loam surface layer. 


Severe: slopes of 5 
to 14 percent. 


Slight where slopes 
are 0 to 2 percent; 
moderate where 
slopes are 2 to 5 
percent. 


Severe: slopes of 30 
to 75 percent. 


slopes of. 


drained; subject to 
flooding. 


Slight. 


Slight: well 
drained; slopes of 
less than 14 per- 
cent; silty clay 
loam surface layer. 


Slight. 


Slight. 


Severe: slopes of 30 
to 75 percent. 
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Soil series and map symbols 


Degree of limitation and major features affecting use for— 


Camp areas 


Picnic areas 


Playgrounds 


Paths and trails 


Ida: 
183, IC3, 103, IE3, IF3, 123 


114D3 
Ratings are for both parts 
of unit. 


Кеппеһес: 
26, 212, 2128, С212, 19B 


Ratings are for both parts 
of unit. 


Luton: 66 


18В 
Ratings are for both parts 
of unit. 


Modale, dark subsoil variant: 
149. 


Monona: 108, 10С2, 1002, !0E2, 


TiOB. 


Slight where slopes are 
less than 9 percent, 
moderate where 
slopes are 9 to 14 
percent, severe where 
slopes are more than 
14 percent; well 
drained ; moderate 
permeability; silt 
loam surface layer. 


Moderate: slopes of 5 
to 14 percent. 


Severe: subject to 
flooding. 


Severe: subject to 
flooding. 


Severe: seasonal high 
water table; wet for 
long periods; very 
muddy and slippery 
when wet. 


Slight if protected 
from flooding ; well 
drained to moder- 
ately well drained; 
nearly level or 
gently sloping. 


Severe: subject to 
flooding. 


Slight to moderate if 
protected from flood- 
ing; seasonal high 
water table. 


Slight where slopes are 
less than 9 percent, 
moderate where 
slopes аге 9 to 14 per- 
cent, severe where 
slopes are more than 
14 percent; well 
drained; moderate 
permeability; silt 
loam surface layer. 


Moderate to severe: 
subject to local run- 
off and short- 
duration flooding. 


Slight where slopes are 
less than 9 percent, 
moderate where 
slopes are 9 to 14 
percent, severe where 
slopes are more than 
14 percent; well 
drained; silt loam 
surface layer. 


Moderate: slopes of 5 
to 14 percent. 


Moderate: subject to 
flooding. 


Moderate: subject to 
flooding. 


Severe: seasonal high 
water table; wet for 
long periods; very 
muddy and slippery 
when wet. 


Slight if protected 
from flooding ; well 
drained to moder- 
ately well drained; 
nearly level or 
gently sloping. 


Moderate: 
flooding. 


subject to 


Slight to moderate: 
seasonal high water 
table. 


Slight where slopes are 
less than 9 percent, 
moderate where 
slopes are 9 to 14 per- 
cent, severe where 
slopes are more than 
14 percent; well 
drained; moderate 
permeability; silt 
loam surface layer. 


Slight to moderate 
where slopes are less 
than 9 percent, mod- 
erate where slopes 
are 9 to 14 percent; 
subject to local run- 
off and short- 
duration flooding. 


Slight where slopes 
are less than 5 per- 
cent; severe where 
slopes are more 
than 5 percent; 
well drained; mod- 
erate permeability; 
silt loam surface 
layer. 


Severe: slopes of 5 
to 14 percent. 


Moderate: subject to 
flooding. 


Moderate: slopes of 
2 to 5 percent; sub- 
ject to flooding. 


Severe: very muddy 
and slippery when 
wet; seasonal high 
water table; wet 
for long periods. 


Slight if protected 
from flooding; well 
drained to moder- 
ately well drained; 
nearly level or 
gently sloping. 


Moderate: slopes of 2 
to 5 percent; sub- 
ject to flooding. 


Slight to moderate: 
seasonal high water 
table. 


Slight where slopes 
are 0 to 2 percent, 
moderate where 
slopes are 2 to 5 per- 
cent, severe where 
slopes are more 
than 5 percent; well 
drained; moderate 
permeability; silt 
loam surface layer. 


Moderate where slopes 
are less than 5 per- 
cent, severe where 
slopes are more 
than 5 percent; wet 
for short periods; 
subject to local 
runoff and short- 
duration flooding. 


Slight where slopes 
are less than 14 
percent, moderate 
where slopes are 14 
to 24 percent, se- 
vere where slopes 
are more than 24 
percent; well 
drained; silt loam 
surface layer. 


Slight. 


Slight. 


Moderate: subject to 
flooding. 


Severe: very muddy 
and slippery when 
wet; wet for long 
periods. 


Slight if protected 
from flooding; well 
drained to moder- 
ately well drained; 
nearly level or 
gently sloping. 


Slight. 


Slight: seasonal high 
water table. 


Slight where slopes 
are less than 14 
percent, moderate 
where slopes are 
more than 14 per- 
cent; well drained; 
silt loam surface 
layer. 


Slight: wet for short 
periods. 
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TABLE 7.—Use of the soils for recreational developments—Continued 


Soil series and map symbols 


Degree of limitation and major features affecting use for— 


Camp areas 


Picnie areas 


Playgrounds 


Paths and trails 


170D 
Ratings are for both parts 
of unit. 


717С 
Ratings are for both parts 
of unit. 


Omadi: 189, 609 ________-_----- 
Ratings are for both parts 
of unit 609. 


Primghar: 9۱8 ___________----- 


Radford: 467, 4678 ________-___- 


Rough broken land: 378 ______- 


Salix: 36 ________________------ 


Salix, leached subsoil variant: 
607. 


Steep rock land: 478 ______---- 


Steinauer: 3303, 33E3, 3323 ____- 


Wadena: 1088 


беуеге: 


Severe: 


Moderate: 


Moderate: 


Moderate where slopes 


are 9 to 14 percent. 


gullies 
dangerous. 


subject to 
flooding. 


somewhat 
poorly drained; 
seasonal water table 
ata depth of 2 to 4 
feet; silty clay loam 
surface layer. 


somewhat 
poorly drained; mod- 
erately slow perme- 
ability. 


Severe: slopes of more 


than 25 percent. 


Slight to moderate if 


protected from flood- 
ing; moderately well 
drained; moderate 
permeability; nearly 
level; silty clay loam 
surface layer. 


Slight to moderate if 


protected from flood- 
ing; moderately well 
drained; moderate 
permeability ; nearly 
level; silty clay 

loam surface layer. 


Severe: slopes of more 
than 25 percent. 


Moderate where slopes 
are 9 to 14 percent, 
severe where slopes 
are 14 to 30 percent. 


Severe: 


Severe: 


Moderate: 


Moderate: 


Moderate where slopes 


are 9 to 14 percent. 


gullies 
dangerous. 


subject to 
flooding. 


somewhat 
poorly drained; 
seasonal water table 
at а depth of 2 to 4 
feet; silty clay loam 
surface layer. 


somewhat 
poorly drained; mod- 
erately slow perme- 
ability. 


Severe: slopes of more 


than 25 percent. 


Slight to moderate if 


protected from flood- 
ing; moderately well 
drained ; moderate 
permeability; nearly 
level; silty clay loam 
surface layer. 


Slight to moderate if 
protected from flood- 
ing; moderately well 
drained; moderate 
permeability ; nearly 
level; silty clay 
loam surface layer. 


Severe: slopes of more 
than 25 percent. 


Moderate where slopes 
are 9 to 14 percent, 
severe where slopes 
are 14 to 30 percent. 


Severe where slopes 
are 9 to 14 percent. 


Severe: gullies 
dangerous. 


Severe: subject to 
flooding. 


Moderate: somewhat 
poorly drained; 
seasonal water ta- 
ble at a depth of 2 
to 4 feet; silty clay 
loam surface layer. 


Moderate: somewhat 
poorly drained; 
moderately slow 
permeability. 


Severe: slopes of 
more than 25 per- 
cent. 


Slight to moderate if 
protected from 
flooding ; moder- 
ately well drained ; 
moderate permea- 
bility; nearly level; 
silty clay loam 
surface layer. 


Slight to moderate if 
protected from 
flooding; moder- 
ately well drained; 
moderate permea- 
bility; nearly level; 
silty clay loam sur- 
face layer. 


Severe: slopes of 
more than 25 per- 
cent. 


Severe where slopes 
are 9 to 30 percent. 


Moderate: slopes of 
2 to 5 percent. 


Slight. 


Moderate: gullies 
dangerous. 


Moderate: subject to 
flooding. 


Moderate: somewhat 
poorly drained; 
seasonal water ta- 
ble at a depth of 2 
to 4 feet; silty clay 
loam surface layer. 


Moderate: somewhat 
poorly drained; 
silty clay loam 
surface layer. 


Severe: slopes of 
more than 25 per- 
cent. 


Slight to moderate: 
possible flooding in 
some areas; mod- 
erately well 
drained; moderate 
permeability ; 
nearly level; silty 
clay loam surface 
layer. 


Slight to moderate: 
possible flooding in 
some areas; moder- 
ately well drained; 
moderate permea- 
bility ; nearly level; 
silty clay loam 
surface layer. 


Severe: slopes of 
more than 25 per- 
cent. 


Slight where slopes 
are 9 to 14 percent, 
moderate where 
slopes are 14 to 30 
percent. 


Slight. 
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Factors of Soil Formation 


Soil is produced by the action of soil-forming pro- 
cesses on materials deposited or accumulated by geo- 
logic agencies. The characteristics of the soil at any 
given point are determined by (1) the physical and 
mineralogical composition of the parent material; (2) 
the climate under which the material has accumulated 
and existed since accumulation; (3) the plant and ani- 
mal life on and in the soil; (4) "the relief, or lay of the 
land; and (5) the length of time the forces of soil 
formation have acted on the material. 

Climate and vegetation are active factors of soil 
formation. They act on the parent material that has 
accumulated through the weathering of rocks and 
slowly change it into a natural body with genetically 
related horizons. The effects of climate and vegetation 
are conditioned by relief. The parent material also 
affects the kind of profile that can be formed and, in 
extreme cases, determines it almost entirely. Finally, 
time is needed for the changing of the parent material 
into a soil profile. It may be much or little, but some 
time is always required for horizon differentiation. 
Usually a long time is required for the development of 
distinct horizons. 

The factors of soil formation are so closely interre- 
lated in their effects on the soil that few generaliza- 
tions can be made regarding the effect of any one 
unless conditions are specified for the other four. 
Many of the processes of soil formation are unknown. 


Parent material 


The soils of Plymouth County formed in loess, in 
alluvium, and in glacial drift. In addition, in the south- 
western part of the county there are some outcrops of 
sandstone, limestone, and shale of Cretaceous age. 
However, no soils are mapped that formed in this bed- 
rock. These outcrops are included in Steep rock land or 
Rough broken land. Small bedrock outcrops are іп- 
cluded with other mapping units and are shown on the 
soil map by a special symbol. 

Small areas of eolian sand are intermingled with the 
loess, particularly in the northwestern part of the 
county. These areas are also shown on the soil map by 
a special symbol. 

In the following paragraphs these different parent 
materials are discussed briefly (2, 3, 4). 

Loess is the most extensive parent material in the 
county. It is yellowish-brown, wind-deposited material 
which is composed primarily of silt-sized particles. It 
normally contains about 25 percent clay-sized particles 
and less than 10 percent sand. There are no pebbles or 
stones, although there are numerous lime concretions, 
formed after the loess was deposited. 

Most of the uplands of Plymouth County are covered 
by soils that formed in loess. These soils make up about 
75 percent of the county. Galva soils are the most ex- 
tensive, but Ida and Monona soils are dominant in the 
southwestern part of the county. Hamburg and Prim- 
ghar soils also formed in loess. 

The loess is thickest in the southwestern part of the 
county, where it is as thick as 60 to 70 feet in places. 
It thins to the northeast and is 7 to 8 feet thick on 
uneroded ridgetops near the northeastern corner of the 


county. In places geological erosion has removed most 
of the loess, exposing bedrock or glacial drift. 

The soils that formed in loess have a deep rooting 
zone and high or very high available water capacity. 
If slope is suitable, loessal soils are excellent for culti- 
vation. Crops respond quite well to fertilization be- 
cause tilth is favorable. The physical properties are 
also favorable for construction that involves earth- 
пош This is especially true in the areas of thick 
oess. 

Alluvium is the second most extensive parent ma- 
terial in the county. It consists of sediment deposited 
along major streams and narrow upland drainageways 
and on low stream benches. Silty clay loam and silt 
loam are the dominant textures of the alluvium. À few 
fairly sizable areas of silty clay and clay alluvium are 
in the major valleys, especially in Big Sioux River Уај- 
ley. Sand to sandy loam and loam alluvium is also con- 
fined mainly to the major stream valleys; their total 
acreage is very small. 

Most alluvium is derived from loess that washed 
from the uplands. Some is transported just a short dis- 
tance and is called “local” alluvium. Some is moved 
primarily by gravity rather than water. This material 
is properly called “colluvium,” but it is included with 
alluvium in this discussion. 

Along major streams, alluvium and the soils that 
formed in it vary widely in texture and other proper- 
ties. Texture differs from place to place mainly be- 
cause sorting of different sized soil particles occurred 
during transport. The amount of organic matter is 
variable because differences occur in the frequency of 
flooding and in the source of material. The gravel and 
sand that underlies some stream benches is thought to 
be derived from melting glaciers. 

Soils that formed in alluvium make up about 24 per- 
cent of Plymouth County. Sixteen soil series in the 
county formed in this material. Two of the major 
series, Radford and McPaul, formed entirely or partly 
in sediment presumed to have been deposited since 
farming began in the county. Two of the other exten- 
sive soil series, Kennebec and Colo, normally have 
lighter colored sediment over the original dark-colored 
surface layer. These soils were buried by the most re- 
cent sediment in the formation of the Radford and 
McPaul soils. 

About 97 percent of the alluvial soils in the county 
are silt loam or silty clay loam. The remaining 3 per- 
cent is more clayey or more sandy soils, mostly in the 
Big Sioux River Valley. 

'The medium-textured soils that occupy almost all of 
the alluvial areas have a deep rooting zone and high 
or very high available water capacity. Most of the soils 
are excellent for cultivation because they have favor- 
able physical properties. Crops respond well to ferti- 
lizer and to artificial drainage if it is needed. Frequent 
flooding is a hazard in places. Siltation and erosion are 
hazards on some soils, such as Napier, that are on foot 
slopes next to uplands. 

Glacial drift is the parent material for only one soil 
series in Plymouth County, and it is of small extent. 
Glacial till is drift that has not been sorted by water 
and shows little evidence of sorting or stratification. 
It contains pebbles, boulders, and sand, as well as silt 
and clay. The mineral composition is heterogeneous. 
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Drift that has been sorted is glacial outwash. The out- 
wash normally is gravelly or sandy, and most of the 
fine soil particles have been washed out by water. 

At least two ice sheets covered what is now Plym- 
outh County. The first was the Nebraskan; and the 
second was the Kansan. Both left thick deposits of 
glacial till. It had been thought that а third glacier, 
the Iowan stage of the Wisconsin, covered the north- 
ern and eastern parts of the county. Recent investiga- 
tions indicate that the “Iowan” landscape may have 
been produced by an erosion cycle on the Kansan till 
rather than by an Iowan ice sheet (12, 15). The gravel 
and sand that underlies the stream benches is assumed 
to be of Wisconsin age. 

Most of the glacial material is covered by loess. Less 
than 1 percent of Plymouth County consists of soils 
that formed in glacial drift. Only the Steinauer series 
formed in till Most individual areas are small, and 
many are so small that they are shown only by a spe- 
cial map symbol. Small areas of glacial outwash also are 
exposed in places in the uplands, especially in the 
northwestern part of the county. The areas are shown 
only by special map symbol. This outwash is presumed 
to be of Kansan age. 

Glacial outwash underlies many of the stream 
benches. In Wadena and Graceville soils, this sand and 
gravel is shallow enough to affect crop production. 

A small number of gravel pits have been dug on the 
stream benches. The largest are in the Big Sioux River 
Valley. Also, gravel pits are in some outcrops of glacial 
outwash in the uplands. Most of these upland pits are 
small and are mainly for on-farm use. 

Erosion is а hazard on Steinauer soils, and cobble- 
stones and boulders hinder farm operations in places. 
The outcrops of outwash are droughty and infertile. 

Eolian sand is a very minor parent material in the 
county. No soils that formed in eolian sand are mapped 
in the county, but small individual areas are shown on 
the soil map by a special sand symbol. The sand was 
deposited by wind during the same period as the loess, 
and it is intermingled with loess. Most spots are south 
or east of a major stream valley and are within a mile 
or two of the valley. This indicates that there was a 
local source of sand, probably on the flood plain. 

Bedrock outerops oceur mostly in the southwestern 
part of the county. Most are included in Steep rock 
land or Rough broken land. Others are shown on the 
soil map by a special symbol. The bedrock includes 
shale, sandstone, and limestone. A number of different 
kinds of soil formed on material weathered from the 
bedrock or on thin deposits of loess or till over the 
bedrock. However, they are all shallow to bedrock, are 
Steep or very steep, and are intermingled in such a 
complex pattern that no attempt was made to map 

em. 


Climate 


Plymouth County soils, according to recent evidence, 
formed under variable climatic conditions. In the Post- 
Cary glaciation period between about 13,000 and 10,500 
years ago, the climate was cool and the vegetation was 
dominated by conifers (20). Between 10,500 and 8,000 
years ago, а warming trend changed the vegetation 
from conifers to mixed forest, with hardwood species 
prominent. Beginning about 8,000 years ago, the cli- 


mate became warmer and drier. Prairie vegetation be- 
came dominant and has continued to dominate to the 
present time. A late change in postglacial climate from 
relatively dry prairie to more mesic conditions has 
taken place (9). This change may have begun about 
3,000 years ago. The present climate is midcontinental 
and subhumid. 

Nearly uniform climate prevails throughout the 
county, although there is some variation in rainfall 
from west to east. This difference in rainfall has 
resulted in slight differences in the Galva soils in 
the county. Some previous investigators have consid- 
ered the soils on uplands in the northwestern part of 
the county to be in the Moody series (7). This is а 
major series in the drier climates to the west. The 
transition zone between Galva and Moody soils is along 
the northwestern edge of Iowa, where the average pre- 
cipitation is about 25 inches per year. Galva soils in 
northwestern Plymouth County have many similari- 
ties to Moody soils. 

The influence of the general climate is modified by 
local conditions. For example, on the very steep bluffs 
occupied by Hamburg soils, most of the water runs off 
or percolates rapidly through the soil. This results in a 
warmer and drier microclimate, and the vegetation is 
not like that elsewhere in the county. Plants such as 
cacti and yueca (Spanish bayonet), common to drier 
portions of the Great Plains, can be found in many 
places on the bluffs. North- and east-facing slopes tend 
to be cooler and more moist than south-facing slopes, 
and in this climate natural stands of trees are more 
likely to grow. The general climate has had an im- 
portant overall influence on the characteristies of the 
soils, but has not caused major differences among 
them. The local climate differences influence the char- 
aeteristies of the soils and account for some of the 
differences in soils within the same climatic region. 

Weathering of the parent material by water and 
air is activated by changes in temperature. Аз a result 
of weathering, changes caused by physical and chem- 
ical action take place. Rainfall has influenced the for- 
mation of the soils through its effects on the amount of 
leaching in soils and on the kinds of plants that grow. 
Some variations in plant and animal life are caused 
by variations in temperature or by the action of other 
climatie forces on the soil material. To that extent, 
climate indirectly influences changes in soils that are 
brought about by the direct influence of plants and 
animals. 


Plant and animal life 


. A number of kinds of living organisms are important 
in soil development. The activities of burrowing ani- 
mals, worms, crayfish, and micro-organisms, for ex- 
ample, are reflected in soil properties. But differences 
in the kind of vegetation commonly cause the most 
marked differences between soils. 

In Plymouth County tall grasses were the dominant 
vegetation at the time of settlement. Only a few acres 
were in trees. Therefore, trees have had only slight 
influence on soil development. Stands of trees in this 
county are most common in steep areas near the Big 
Sioux River Valley. Some stands have been in place 
jong епоцеһ to cause slight, but noticeable, changes іп 

e soils. 
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Trees, especially willow and cottonwood, are com- 
mon near the larger streams. The soils in these areas 
are recent alluvium, and not enough time has elapsed 
for the trees to influence soil development, other than 
to drop a thin litter of leaves and twigs on the soil 
surface. 

Man changes soil most obviously by causing acceler- 
ated erosion. Less obvious are chemical changes brought 
about by additions of lime and fertilizer and changes 
in microbial activity and organic-matter content as а 
result of removing the native vegetation and substitut- 
ing crops. 

Two soil series in the county result from man's ac- 
tivities. In МеРаш and Radford, two bottom-land 
series, the original dark-colored soil has been covered 
by new parent material that is lighter colored. This 
material has been eroded from the uplands, largely 
through man’s farming operations. 


Relief 


Relief refers to the lay of the land. It ranges from 
nearly level to very steep in Plymouth County. It is 
an important factor in soil formation through its effect 
on drainage, runoff, depth to the water table, and 
erosion. А difference in relief is the basic reason for 
differing soil properties in the soils of the county. 

Even though soils have formed from the same parent 
material, the influenee of relief is seen in the color, 
thickness of solum, and horizonation of the soils. Galva, 
Primghar, and Ida soils, for instance, formed in simi- 
lar parent material but differ in characteristics mainly 
through the effect of relief. 

Primghar soils typically are in concave positions. 
Runoff is medium to slow, and many areas get addi- 
tional water from runoff. Galva soils are well drained 
and occur mostly in areas where runoff is medium to 
rapid. Ida soils are in positions where most of the water 
runs off and where erosion has occurred at such a rate 
that little soil formation has taken place. 

Extra water produces more luxuriant vegetation, 
and where runoff is less more organic matter accumu- 
lates. Primghar soils have a thicker, darker surface 
layer than Galva soils, and Galva soils have a thicker, 
darker surface layer than Ida soils. Water percolating 
through the soil carries lime and other minerals deeper 
into the profile. Ida soils have carbonates at or near 
the surface because less water infiltrates into the soil. 
Galva and Primghar soils are leached of carbonates to 
a depth of about 3 feet or more. 

Relief affects the color of the B horizon through its 
effect on drainage and soil aeration. The subsoil of a 
soil that has good drainage generally is brown because 
iron compounds are well distributed throughout the 
horizon and are oxidized. On the other hand, the sub- 
soil of soils that have restricted drainage is generally 
grayish and mottled. Primghar and Galva soils are 
examples. The subsoil of Primghar soils has grayish- 
brown colors and is mottled; that of Galva soils is 
yellowish brown and dark yellowish brown and is not 
mottled. 


Time 


The passage of time enables the factors of relief, 
climate, and plant and animal life to bring about 
changes in the parent material. Very similar kinds of 


soils are produced from widely different kinds of par- 
ent material if other factors continue to operate over 
long periods, but soil development is generally inter- 
rupted by geologic events that expose new parent 
material. 

At least three times new parent material has been 
added to the uplands (13, 15). The bedrock has been 
covered by glacial drift from at least two different 
glaciers. Then the present surface material, the loess, 
was deposited. As a result, soils have been buried, and 
further development of those soils has stopped. 

The radiocarbon technique for determining the age 
of carbonaceous material found in loess and till has 
been useful in dating soils that formed in Wisconsin 
Loess (10). The upper part of the Wisconsin Loess on 
uneroded uplands is of early Wisconsin age (11). 
Based on this data, the age of nearly level loess soils 
on stable divides is about 14,000 years. Galva and 
Monona soils on ridgetops are examples in Plymouth 
County. 

In much of Iowa, including Plymouth County, ge- 
ologic erosion has beveled and, in places, removed 
material on side slopes and deposited new sediment 
downslope. The surfaces of nearly level upland divides 
are older than the slopes that are beveled and ascend 
to the divides. Thus, the side slopes are less than 14,000 
years old. The base of the local alluvium in some 
stream valleys is less than 1,800 years old (5). Because 
the sediment from the side slopes accumulated to form 
the alluvium, the side-slope surfaces in these areas are 
also less than 1,800 years old. Some soils that formed 
in these and similar areas of alluvium are Napier, 
Kennebec, Colo, and Salix soils. 

The percentages of land surfaces that are about 
14,000 years old and younger can be obtained by ex- 
trapolating soil data by landscapes in counties with 
completed soil surveys (6). In Plymouth County it is 
probable that less than 5 percent of the soils are as old 
or older than 14,000 years. 


Processes of Soil Horizon Differentiation 


Horizon differentiation is considered the result of 
four basic kinds of changes. These are additions, re- 
movals, transfers, and transformations in the soil 
system (14). Each of these affects many substances in 
soil. For example, there may be additions, removals, 
transfers, or transformations of organic matter, solu- 
ble salts, carbonates, sesquioxides, or silicate clay 
minerals. 

In general these processes tend to promote horizon 
differentiation, but some tend to offset or retard it. 
These processes and the changes brought about proceed 
simultaneously in soils, and the ultimate nature of the 
profile is governed by the balance of these changes 
within the profile. 

Addition of organic matter is an early step in the 
process of horizon differentiation in most soils. Gen- 
erally, the soils on flood plains are divided into two 
broad groups based mainly on this feature. The soils 
that have a dark-colored surface layer, as a result of 
additions of organic matter, are separated from those 
that do not. The dark color, or lack of it, is the most 
obvious difference between Luton and Albaton soils. 

In some soils on uplands the darkened surface layer 
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is the only soil feature that reflects these basic pro- 
cesses. Ida and Steinauer soils are examples. 

The process of removal of substances from parts of 
the profile is very important in the differentiation of 
horizons in Plymouth County. This process accounts 
for some of the most obvious differences between a 
number of soils in the county. The movement of calcium 
carbonate downward in the soil as a result of leaching 
is an example. In such soils as Ida and Steinauer, little 
calcium carbonate has been removed, so they are cal- 
careous at or near the surface. No B horizon has 
developed in these soils. In Monona and Galva soils 
calcium carbonate has been removed from the upper 
part of the profile by leaching. This removal, along 
with other processes, has resulted in the differentiation 
of a B horizon in these soils. Monona and Galva soils 
formed in calcareous loess, as did Ida soils. Steinauer 
soils formed in glacial till. 

А transfer of substances from one horizon to an- 
other is evident in the soils of Plymouth County. Phos- 
phorus is removed from the subsoil by plant roots and 
transferred to parts of the plant growing above the 
ground. Then it is added to the surface layer in the 
plant residue. 

The translocation of silicate clay minerals is an im- 
portant process in horizon differentiation. Clay min- 
erals from the A horizon are carried downward 
suspended in percolating water. They accumulate in 
the B horizon in pores and root channels and as clay 
films on ped faces. Many soils in Iowa have a profile 
that shows strong evidence of this process, but none 
are mapped in Plymouth County. However, in the 
county are some depressions, a few acres in size, that 
have soils similar to the Corley soils mapped in other 
counties. The accumulation of clay in the B horizon 
of those soils is quite evident. Because these areas are 
small, they are shown on the soil map by a special 
symbol. 

Another kind of transfer that is minimal in most 
soils but occurs to some extent in very clayey soils, is 
caused by shrinking and swelling. This causes cracks 
to form and transfers some materials from the surface 
layer to lower parts of the profile. Luton and Albaton 
soils, for instance, have potential for this kind of 
physical transfer. 

Transformations are physical and chemical. One 
example of transformation is the weathering of soil 
particles to smaller sizes. The reduction of iron is an- 
other example of transformation. This process is called 
*gleying" and involves the saturation of the soil with 
water for long periods of time in the presence of 
organic matter. It is characterized by the presence of 
ferrous iron and gray colors. Gleying is associated with 
poorly drained and very poorly drained soils, such as 
Luton soils. 

Still another kind of transformation is the weather- 
ing of the primary apatite mineral in parent material 
to secondary phosphorus compounds. According to 
theory, the soil pH must decline to about 7 before an 
appreciable amount of this weathering takes place (8). 
This is important in Plymouth County because it helps 
to explain the difference in available phosphorus levels 
between soils formed in similar calcareous parent ma- 
terials. For example, Ida soils, which are calcareous, 
are very low in available phosphorus. In Monona soils, 


which have been leached and are about neutral, the 
available phosphorus, although low, is in better supply 
than in Ida soils. 


Classification of the Soils 


Soils are classified so that we can more easily re- 
member their significant characteristics. Classification 
enables us to assemble knowledge about the soils, to 
see their relationships to one another and to the whole 
environment, and to develop principles that help us 
to understand their behavior and their response to 
manipulation. First through classification and then 
through use of the soil maps, we can apply our knowl- 
edge of soils to specific fields and other tracts of land. 

Thus, in classification soils are placed in narrow 
categories that are used in detailed soil surveys so that 
knowledge about the soils can be organized and applied 
in managing farms, fields, and woodlands; in develop- 
ing rural areas; in engineering work; and in many 
other ways. They are placed in broad classes to facili- 
tate study and comparison in large areas, such as 
countries and continents. 

Тһе classification system currently used was adopted 
for general use by the National Cooperative Soil Sur- 
vey in 1965. The system is under continual study (17). 
Therefore, readers interested in developments of this 
system should search the latest literature available. In 
table 8 some of the classes in the current system are 
given for each soil series. The classes in the current 
system are briefly defined in the following paragraphs. 

ORDER: Ten orders are recognized. They are Enti- 
sols, Vertisols, Inceptisols, Aridisols, Mollisols, Spodo- 
sols, Alfisols, Ultisols, Oxisols, and Histosols. The 
properties used to differentiate the soil orders are those 
that tend to give broad climatic groupings of soils. Two 
exceptions, Entisols and Histosols, occur in many dif- 
ferent climates. 

Table 8 shows the two orders in Plymouth County: 
Entisols and Mollisols. Entisols are recent soils that 
do not have genetic horizons or have only the begin- 
nings of such horizons. Mollisols have a thick surface 
layer that is darkened by organic matter. 

SUBORDER: Each order is divided into suborders, 
primarily on the basis of those characteristics that 
seem to produce classes with the greatest genetic simi- 
larity. The suborders narrow the broad climatic range 
permitted in the orders. The soil properties used to 
separate suborders mainly reflect either the presence 
or absence of waterlogging, or soil differences resulting 
from climate or vegetation. The names of suborders 
have two syllables. The last syllable indicates the order. 
Ап example is Udolls (Ud, meaning humid, and oll, 
from Mollisol). 

GREAT GROUP: Soil suborders are divided into great 
groups on the basis of uniformity in the kinds and 
sequence of major soil horizons and features. The 
horizons used to make separations are those in which 
clay, iron, or humus have accumulated, or those that 
have pans that interfere with growth of roots or move- 
ment of water. The features used are the self-mulching 
properties of clays, soil temperature, major differences 
in chemical composition (mainly calcium, magnesium, 
sodium, and potassium), and the like. The names of 
great groups have three or four syllables and are made 
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TABLE 8.— Classification of soil series 


Series Family Subgroup Order 
Albaton -____ سب‎ Fine, montmorillonitic (calcare- | Vertie Fluvaquents _______ Entisols. 
ous), mesic. | 
Caled 三- Fine-silty, mixed (calcareous), Cumulic Haplaquolls ______ Mollisols. 
mesic. 
Castana __________ Fine-silty, mixed, mesic _________ Entic Hapludolls ___ Mollisols. 
Colo сазы сад Fine-silty, mixed, mesic ________ Cumulic Haplaquolls ______ Mollisols. 
Dickman __________ Sandy, mixed, mesic ____________ Typic Hapludolls _________ Mollisols. 
Galva ___________-_ Fine-silty, mixed, mesic _________ Typic Hapludolls ________ Moilisols. 
Graceville* |... Fine-silty, mixed, mesic _________ Pachic Haplustolls ________ Mollisols. 
Hamburg ._______- Coarse-silty, mixed (calcareous), | Typic Udorthents - Entisols. 
mesic. 
I ај визни мрава хам Fine-silty, mixed (calcareous), Typic Udorthents _________ Entisols. 
mesic. 
Kennebec ______- Fine-silty, mixed, mesic _________ Cumulic Hapludolls ______ Mollisols. 
Luton! __________- Fine, montmorillonitic, mesic ____| Vertic Haplaquolls ________ Mollisols. 
McPaul _________- Coarse-silty, mixed (calcareous), | Typic Udifluvents _________ Entisols. 
mesic. 
Modale, dark sub- Coarse-silty over clayey, mixed | Aquic Udifluvents ________ Entisols. 
soil variant. (calcareous), mesic. 
Fine-silty, mixed, mesic _________ Typic Hapludolls _______- Mollisols. 
Fine-silty, mixed, mesic ____ Cumulic Hapludolls _______ Mollisols. 
Fine-silty, mixed, mesic _________ Fluventic Hapludolls ______ Mollisols. 
Fine-silty, mixed, mesic _________ Aquic Hapludolls ________ Mollisols. 
Fine-silty, mixed, mesic _________ Fluventic Hapludolls ______ Mollisols. 
Fine-silty, mixed, mesic _________ Typic Hapludolls ____ Mollisols. 
Salix, leached sub- Fine-silty, mixed, mesic _______- Туре Hapludolls _______- Mollisols. 
soil variant. 
Steinauer _______- Fine-loamy, mixed (calcareous), | Typic Udorthents _________ Entisols. 
mesic. 
Wadena” _____.__ Fine-loamy over sandy or Typic Hapludolls ________ Mollisols. 
sandy-skeletal, mixed, mesic 
(coarse-loamy). 


* All or part of these soils are taxadjuncts to the series. Reasons for differences in classifica- 
tion are given in the descriptions of the soil series. 


? The classification of these soils is provisional. 


by adding à prefix to the name of the suborder. An 
example is Hapludoll (Лар! meaning simple, ud for 
humid, and об from Mollisol). 

SUBGROUP: Great groups are divided into sub- 
groups, one representing the central (typic) segment 
of the group and the others, called intergrades, that 
have properties of the group and also one or more 
properties of another great group, suborder, or order. 
Subgroups may also be made in those instances where 
soil properties intergrade outside of the range of any 
other great group, suborder, or order. The names of 
subgroups are derived by placing one or more ad- 
jectives before the name of the great group. An ex- 
ample is Typic Hapludoll. 

FAMILY: Subgroups are divided into families pri- 
marily on the basis of properties important to the 
growth of plants or behavior of soils when used for 
engineering. Among the properties considered are tex- 
ture, mineralogy, reaction, soil temperature, perme- 
ability, thickness of horizons, and consistence. The 
family name consists of a series of adjectives preceding 
the subgroup name. The adjectives are the class names 
for texture, mineralogy, etc. that are used as family 
differentiae. An example is the fine-silty, mixed, mesic 
family of Туріс Hapludolls. 

SERIES: The series consists of a group of soils that 
formed from a particular kind of parent material and 
have genetic horizons that, except for texture of the 
surface layer, are similar in differentiating character- 


istics and in arrangement in the profile. Among these 
characteristics are color, structure, reaction, consis- 
Тепсе, and mineralogical and chemical composition. 

New soil series must be established, and concepts of 
some established series, especially older ones that have 
been used little in recent years, must be revised in the 
course of the soil survey program across the country. 
А proposed new series has tentative status until re- 
view at State, regional, and national levels of responsi- 
bility for soil classification results in a judgment that 
the new series should be established. All of the soil 
series described in this survey have been established. 
They are given the name of a geographic location near 
the place where that series was first observed and 
mapped. Ап example is the Galva series. 


Additional Information About 
the County 


This section discusses the history, drainage and re- 
lief, cultural features, trends in farming, and climate 
of Plymouth County. 


History 


The area that is now Plymouth is part of the large 
prairie that covers the north-central part of the 
United States. Trees are limited mainly to the stream 
valleys and some adjoining steep hillsides. 
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Plymouth County was established in 1851. The first 
settlers came in 1856. The population had grown to 
over 22,000 by 1900. 

Wheat, oats, and flax were the first crops. Corn soon 
became the major crop, and livestock raising also grew 
rapidly. 


Drainage and Relief 


Plymouth County is in the drainage basin of the 
Missouri River, which passes within a few miles of 
the southwest corner of the county. The major streams 
flow to the south and southwest and enter the Missouri 
River south of the county line. 

The Big Sioux River is the largest stream. Its source 
is in South Dakota, about 100 miles north of Plymouth 
County. The Big Sioux River forms the western bound- 
ary of the county, and it drains the western part. The 
Floyd River flows through the center of Plymouth 
County and drains about one-third of the county. Its 
source is in northern Iowa, 30 to 35 miles north of 
Plymouth County. The West Fork of the Little Sioux 
River drains most of the southeastern part. Its source 
is a few miles northeast of where it enters the county. 
Smaller streams, which have sources within the county, 
drain some of the southern part. 

No large tracts of bottom land occur in Plymouth 
County. The largest valleys have a maximum width of 
a mile or two. Drainageways, however, extend into all 
parts of the uplands, and nearly level or gently slop- 
ing soils on bottom lands and stream benches make 
up about 28 percent of the total acreage in the county. 
Some of these soils have restricted drainage, and 
artificial drainage is used in places. Tile has been in- 
stalled in the upper reaches of many of the drainage- 
ways in the northeastern two-thirds of the county. 

Elevation in the county ranges from about 1,100 to 
about 1,500 feet above sea level. More than 70 percent 
of the uplands is gently undulating or gently rolling; 
about 15 percent is rolling; and the rest, which is 
mostly in the western and southwestern parts of the 
county, is hilly to very steep. Natural drainage is good, 
and no artificial drainage is needed on the soils of the 
uplands. 


Cultural Features 


The population of Plymouth County is approximately 
24,000. The largest town is Le Mars, the county seat; 
it has a population of about 7,800. Other towns that 
have populations of 500 to 1,500 are Akron, Kingsley, 
Remsen, Merrill, and Hinton. There are also à number 
of smaller communities in the county. In addition, 
Sioux City, which has a population of about 85,000, 
adjoins the southwest corner of Plymouth County. 

One federal and three State highways cross Plym- 
outh County. Interstate Highway 29 and another fed- 
eral highway go through Sioux City and run within 
a few miles of Plymouth County. Surfaced county roads 
are 1 mile apart throughout much of the county. 

Four railway companies and three bus companies 
provide service to the county. Le Mars has a municipal 
airport where charter flights are available. Other trans- 
portation facilities available at Sioux City include 


scheduled airline flights and barge transportation on 
the Missouri River. 

Agriculture, including farming and related activities, 
is the principal industry in the county. Food processing 
is an important source of income in and near the 
county. Several very large beef- and pork-packing 
plants operate in the area. Poultry, milk, popcorn, and 
honey are also processed in the area. Many of the other 
industries, such as tile-manufacturing plants, are part 
of the larger agricultural industry. 

A 4-year college is at Le Mars, and five other colleges 
or universities are within 50 miles of the county. 
Eight high schools are in Plymouth County. 


Trends in Farming 


The total acreage in farms in Plymouth County has 
been fairly constant, but the number of people living 
on farms has been decreasing. In 1969 there were 8,432 
people living on 2,079 farms, a decrease of 1,275 people 
and 821 farms since 1964. An average farm in 1969 
was 257 acres in size, and about 47 percent of the 
farmland was owned by the operators. This compares 
to a State average of 247 acres per farm and 52.5 
percent operator-owned. 

For years corn has been the most important crop 
by a wide margin. It retains this position, but soybeans 
are increasing rapidly in importance. The acreage of 
soybeans tripled between 1959 and 1969. The acreages 
of crops in 1969 were as follows: corn, 199,960; pas- 
ture, 87,660; soybeans, 59,077; oats, 49,926; hay, 33,- 
401; popcorn, 1,075; sorghum, 590; wheat, 102; barley, 
97; red clover for seed, 66; and rye, 13. 

Plymouth County is one of the leading counties in 
the country in the marketing of beef cattle and hogs. 
Their numbers have been increasing. Poultry and 
other livestock are less important, and their numbers 
are declining. Livestock population for 1969 was as 
follows: grain-fed cattle sold, 188,286; grain-fed sheep 
and lambs sold, 6,537; lambs born, 3,451; sows far- 
rowed, 57,794; hogs marketed, 368,787; milk cows, 
4,332; beef cows, 14,618; hens and pullets of laying 
age, 110,199; turkeys raised, 60,013; and commercial 
broilers raised, 9,300. | 


Climate ° 


The climatic data available from centrally located 
Le Mars are quite representative of Plymouth County. 
The variability of showers within short distances and 
of minimum temperatures on calm, clear mornings are 
often noticeable. 

About three-fourths of the total annual precipitation, 
or some 21 inches, falls during the warm part of the 
year, from April through September (table 9). During 
an average year, а trace or more of precipitation falls 
on 170 days, of which 95 have at least 0.01 inch; 50, at 
least 0.10 inch; and 17, 0.50 inch or more. In 24 hours, 
precipitation will be 3.7 inches once in 5 years and 6.2 
inches once in 100 years. During the warm part of the 
year, heavier showers are more frequent, and an aver- 
age of about 13 days have 0.50 inch or more of pre- 


5 By PAUL J. WAITE, climatologist and director, Iowa Weather 
Service. 
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TABLE 9.— Temperature and precipitation data 


[Data from Le Mars] 
Temperature Precipitation 
One year Average Average 
in 10 will number depth of 
Month Average Average Average Average Average have— of days snow on 
daily daily monthly monthly total with snow days 
high low highest lowest cover of with 
Less More 1 тећ snow 
than— than— or more cover 
°F °F °F °F In In In In 
January ------------ 28 9 49 一 20 0.6 01 1.8 18 Б 
February _______--_- 32 12 51 —13 8 1 1.8 15 4 
March __________--- 45 24 67 0 1.4 4 3.4 11 6 
April ___________--- 61 36 84 20 2.6 5 3.9 (') 2 
May ____________-- 12 48 91 29 3.9 1.4 61 0 0 
June --------------- 81 58 95 42 4.4 1,2 6.5 0 0 
July ________------- 87 62 98 48 8.5. 1.0 5.9 0 0 
August ____-- 85 60 96 45 31 Л 5.4 0 0 
September 72 51 91 31 8.2 .6 7.1 0 0 
October سس‎ 64 39 84 20 1.8 2 8.0 (2) C) 
November _________- 46 25 67 4 1.1 Q) 21 8 8 
December ._______-- 33 14 53 —11 8 2 21 11 4 
Year __._________- 59 37 99 一 23 27.2 16.3 83.0 58 5 
1 Less than one-half. ? Trace 
TABLE 10.—Probabilities of last freezing temperatures in spring and first in fall 
[Data from Le Mars] 
Dates for given probability and temperature 
Probability 
16° F 20° F 24°F 28° F 32° F 
or lower or lower or lower or lower or lower 
Spring: 
1 year іп 10 later than______________________- April 11 April 21 April 28 May 11 May 19 
2 years in 10 later Фћал_____________________-- April 5 April 15 April 23 May 6 May 14 
5 years in 10 later than______________________ March 26 April 4 April 12 April 26 May 4 
Fall: 
1 year in 10 earlier than--—---------——------- October 21 October 15 October 7 September 30 September 16 
2 years in 10 earlier than-------------------- October 26 October 20 October 12 October 5 September 21 
Б years іп 10 earlier than___________________- November 6 October 31 October 28 October 16 October 1 


cipitation. This is the time when soil tillage is at a 
maximum and the potential for soil erosion is high. 

The average number of days per year that have an 
inch or more of snow cover totals 58. The first such 
snow cover generally occurs late in November, but has 
occurred as early as late in September. Some 10 per- 
cent of the annual precipitation falls as snow, com- 
monly about 32 inches per year. 

Ideally, during crop planting, the topsoil is dry and 
the subsoil contains ample moisture. However, varia- 
tions from the optimum are frequent. Without adequate 
subsoil moisture at the beginning of the season, rainfall 
is rarely sufficient to provide the inch of moisture per 


week that corn needs. The chances of receiving an 
inch or more of precipitation per week are about 2 in 
5 in June, diminishing to about 1 in 4 late in July 
and in August. 

The temperature at Le Mars has ranged from 111° 
F on July 17, 1936, to — 879 on January 12, 1912. In 
about half of the years, the temperature reaches 
—26° or lower and 99° or higher. 

The threshold temperature of 90°, which is too hot 
for optimum corn growth, is equalled or exceeded on 
an average of 33 days per year. Freezing temperature 
occurs about 159 days per year. The growing season 
averages 120 days per season (table 10). 
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Glossary 


Alluvium. Soil material, such as sand, silt, or clay, that has been 


deposited on land by streams. 


Available water capacity (also termed available moisture capac- 


ity). The capacity of soils to hold water available for use 
by most plants. It is commonly defined as the difference 
between the amount of soil water at field capacity and the 
amount at wilting point. It is commonly expressed as inches 
of water per inch of soil. 


Bench, stream, See Terrace (geological). 
Bottom land. Land formed by alluvial deposit along а stream or 


in а lake basin; a flood plain. 


Calcareous soil. А soil containing enough calcium carbonate 


(often with magnesium carbonate) to effervesce (fizz) vis- 
ibly when treated with cold, dilute hydrochloric acid. 


Catch crop. 1. А quick-growing crop, planted and harvested be- 


tween two regular crops in consecutive seasons, or between 
two patches of regular crops in the same season. 2. Such а 


crop planted after another has failed, or when the season is 
too late for the usual crops. 

Clay. As a soil separate, the mineral soil particles less than 0.002 
millimeter in diameter. As a soil textural class, soil material 
that is 40 percent or more clay, less than 45 percent sand, 
and less than 40 percent silt. 

Colluvium. Soil material, rock fragments, or both, moved by 
creep, slide, or local wash and deposited at the base of steep 
slopes. 

Consistence, soil. The feel of the soil and the ease with which a 
lump can be crushed by the fingers. Terms commonly used 
to describe consistence are— 

Loose.—Noncoherent when dry or moist; does not hold to- 
gether in a mass. 

Friable—When moist, crushes easily under gentle pressure 
between thumb and forefinger and can be pressed together 
into a lump. 

Firm.—When moist, crushes under moderate pressure be- 
tween thumb and forefinger, but resistance is distinctly 
noticeable. 

Plastic—When wet, readily deformed by moderate pressure 
but can be pressed into a lump; will form a “wire” when 
rolled between thumb and forefinger, 

Sticky—When wet, adheres to other material, and tends to 
stretch somewhat and pull apart, rather than to pull free 
from other material. 

Hard.—When dry, moderately resistant to pressure; can be 
broken with difficulty between thumb and forefinger. 

Soft.—When dry, breaks into powder or individual grains 
under very slight pressure. 

Cemented.—Hard and brittle; little affected by moistening. 

Drainage class (natural). Refers to the conditions of frequency 
and duration of periods of saturation or partial saturation 
that existed during the development of the soil, as opposed 
to altered drainage, which is commonly the result of artificial 
drainage or irrigation but may be caused by the sudden 
deepening of channels or the blocking of drainage outlets. 
Seven different classes of natural soil drainage are recog- 
nized. 

Excessively drained soils are commonly very porous and 
rapidly permeable and have a low water-holding capacity. 

Somewhat excessively drained soils are also very permeable 
and are free from mottling throughout their profile. 

Well-drained soils are nearly free from mottling and are 
commonly of intermediate texture. 

Moderately well drained soils commonly have a slowly perme- 
able layer in or immediately beneath the solum. They have 
uniform color in the A and upper B horizons and mottling 
in the lower B and the C horizons, 

Somewhat poorly drained soils are wet for significant periods 
but not all the time, and some soils commonly have mot- 
tling at a depth below 6 to 16 inches. 

Poorly drained soils are wet for long periods and are light gray 
and generally mottled from the surface downward, al- 
though mottling may be absent or nearly so in some soils. 

Very poorly drained soils are wet nearly all the time. They 
have a dark-gray or black surface layer and are gray or 
light gray, with or without mottling, in the deeper parts 
of the profile. 

Eolian soil material. Earthly parent material accumulated 
through wind action; commonly refers to sandy material 
in dunes or to loess in blankets on the surface. 

Flood plain. Nearly level land, consisting of stream sediments, 
that borders a stream and is subject to flooding unless pro- 
tected artificially. 

Glacial drift (geology). Rock material transported by glacial 
ice and then deposited; also includes the assorted and un- 
assorted material deposited by streams flowing from glaciers. 

Glacial outwash (geology). Crossbedded gravel, sand, and silt 
deposited by melt water as it flowed from glacial ice. 

Glacial till (geology). Unassorted, nonstratified glacial drift con- 
sisting of clay, silt, sand, and boulders transported and de- 
posited by glacial ice. 

Gleyed soil. A soil in which waterlogging and lack of oxygen 
have caused the material in one or more horizons to be 
neutral gray in color. The term “gleyed” is applied to soil 
horizons with yeliow and gray mottling caused by intermit- 
tent waterlogging. 

Horizon, soil. A layer of soil, approximately parallel to the sur- 
face, that has distinct characteristics produced by soil- 
forming processes. These are the major horizons: 
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О horizon.—The layer of organic matter on the surface of a 
mineral soil. This layer consists of decaying plant resi- 


ues. 

А horizon.—The mineral horizon at the surface or just below 
an O horizon. This horizon is the one in which living 
organisms are most active and therefore is marked by 
the accumulation of humus. The horizon may have lost 
one or more of soluble salts, clay, and sesquioxides (iron 
and aluminum oxides). 

B horizon.—The mineral horizon below an A horizon. The B 
horizon is in part a layer of change from the overlying 
A to the underlying C horizon. The B horizon also has 
distinctive characteristics caused (1) by accumulation of 
clay, sesquioxides, humus, or some combination of these; 
(2) by prismatic or blocky structure; (3) by redder or 
stronger colors than the A horizon; or (4) by some 
combination of these. Combined А and B horizons are 
usually called the solum, or true soil. If a soil lacks a B 
horizon, the А horizon alone is the solum. 

С horizon.—The weathered rock material immediately beneath 
the solum. In most soils this material is presumed to be 
like that from which the overlying horizons were formed. 
If the material is known to be different from that in the 
solum, a Roman numeral precedes the letter C. 

R layer.—Consolidated rock beneath the soil. The rock usually 
underlies a C horizon but may be immediately beneath 
an À or B horizon. 

Loess. Fine-grained material, dominantly of silt-sized particles, 
that has been deposited by wind. 

Mottling, soil. Irregularly marked with spots of different colors 
that vary in number and size. Mottling in soils usually indi- 
cates poor aeration and lack of drainage. Descriptive terms 
are as follows: abundance—few, common, and тату; size— 
fine, medium, and coarse; and contrast—faint, distinct, and 
prominent. Тће size measurements are these: fine, less than 
5 millimeters (about 0.2 inch) in diameter along the great- 
est dimension; medium, ranging from 5 millimeters to 15 
millimeters (about 0.2 to 0.6 inch) in diameter along the 
greatest dimension; and coarse, more than 15 millimeters 
(about 0.6 inch) in diameter along the greatest dimension. 

Ped. Ап individual natural soil aggregate, such as a crumb, a 
prism, or a block, in contrast to a clod. 

Permeability. The quality that enables the soil to transmit water 
or air. Terms used to describe permeability are as follows: 
very slow, slow, moderately slow, moderate, moderately 
rapid, rapid, and very rapid. 

Reaction, soil. The degree of acidity or alkalinity of a soil, ex- 
pressed in pH values. A soil that tests to pH 7.0 is pre- 
cisely neutral in reaction because it is neither acid nor 
alkaline. Ап acid, or “sour,” soil is one that gives an acid 
reaction; an alkaline soil is one that is alkaline in reaction. 
In words, the degrees of acidity or alkalinity are expressed 


thus: 
pH pH 
Extremely acid _____ Below 45 Neutral ____________ 6.6 to 7.3 
Very strongly acid...4.5 to 5.0 Mildly alkaline ______ 7.4 to 8 
Strongly acid ___-___ 1405.5 Moderately alkaline _7.9 to 8.4 
Medium acid __ 5.6 to 6.0 Strongly alkaline ___8.5 to 9.0 
Slightly acid سس‎ 61t06.5 Very strongly 


alkaline _____ 9.1 and higher 


Sand. Individual rock or mineral fragments іп a soil that range 
in diameter from 0.05 to 2.0 millimeters. Most sand grains 
consist of quartz, but they may be of any mineral composi- 
tion. The textural class name of any soil that contains 85 
percent or more sand and not more than 10 percent clay. 

Silt. Individual mineral particles in a soil that range in diameter 
from the upper limit of clay (0.002 millimeter) to the lower 
limit of very fine sand (0.05 millimeter). Soil of the silt tex- 
tural elass is 80 percent or more silt and less than 12 per- 
cent clay. 

Structure, soil. The arrangement of primary soil particles into 
compound particles or clusters that are separated from ad- 
joining aggregates and have properties unlike those of an 
equal mass of unaggregated primary soil particles. The 
principal forms of soil structure are—platy (laminated), 
prismatic (vertical axis of aggregates longer than hori- 
zontal), columnar (prisms with rounded tops), blocky (an- 
gular or subangular), and granular. Structureless soils are 
either single grain (each grain by itself, as in dune sand) 
or massive (the particles adhering together without any 
regular cleavage, as in many claypans and hardpans). 

Terrace. Ап embankment, or ridge, constructed across sloping 
soils on the contour or at a slight angle to the contour. The 
terrace intercepts surface runoff so that it may soak into 
the soil or flow slowly to а prepared outlet without harm. 
Terraces in fields are generally built so they can be farmed. 
Terraces intended mainly for drainage have a deep channel 
that is maintained in permanent sod. 

Terrace (geological). An old alluvial plain, ordinarily flat or un- 
dulating, bordering a river, lake, or the sea. Stream terraces 
are frequently called second bottoms, as contrasted to flood 
plains, and are seldom subject to overflow. Marine terraces 
were deposited by the sea and are generally wide. 

Texture, soil. The relative proportions of sand, silt, and clay 
particles in a mass of soil. The basic textural classes, in 
order of increasing proportion of fine particles, are sand, 
loamy sand, sandy loam, loam, silt loam, silt, sandy clay 
loam, clay loam, silty clay loam, sandy clay, silty clay, and 
clay. The sand, loamy sand, and sandy loam classes may be 
further divided by specifying “coarse,” "fine," or “very 

ne." 

Tilth, soil. The condition of the soil in relation to the growth of 
plants, especially soil structure. Good tilth refers to the 
friable state and is associated with high noncapillary poros- 
ity and stable, granular structure. А soil in poor tilth is 
nonfriable, hard, nonaggregated, and difficult to till. 

Water table. The highest part of the soil or underlying rock ma- 
terial that is wholly saturated with water. In some places 
an upper, or perched, water table may be separated from a 
lower one by a dry zone. 
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GUIDE ТО MAPPING UNITS 


For a complete description of a mapping unit, read both the description of the mapping unit and that of the 
soil series to which it belongs. Management for crops, pasture, and trees 15 discussed by capability units 
on pages 34 to 40, Other information is in tables as follows: 


Acreage and extent, table 1, page 9. Engineering data and interpretations, 

Predicted yields, table 2, page 41. tables 4, 5, and 6, pages 46 through 63. 

Wildlife interpretations, table 3, Recreational interpretations, table 7, 
page 44. page 64. 


Capability unit 


Map 

symbol Mapping unit Page 

1B3 Ida silt loam, 2 to 5 percent slopes, severely eroded---------------------------- 17 

1C3 Ida 511% loam, 5 to 9 percent slopes, severely eroded---------------------------- 18 

1D3 Ida silt loam, 9 to 14 percent slopes, severely eroded--------------------------- 18 

1E3 Ida silt loam, 14 to 20 percent slopes, severely eroded-------------------------- 18 IVe-1 38 
1F3 Ida silt loam, 20 to 30 percent slopes, severely eroded-------------------------- 19 VIe-1 39 
163 Ida silt loam, 30 to 40 percent slopes, severely егодей-------------------------- 19 VIIe-1 40 
2G Hamburg silt loam, 30 to 75 percent 51оре5--------------------------------------- 17 . VIIe-1 40 
3F Castana silt loam, 14 to 30 percent 51оре5--------------------------------------- 11 VIe-1 39 
108 Monona silt loam, 2 to 5 percent 510рв5------------------------------------------ 23 IIe-2 35 
1002 Monona silt loam, 5 to 9 percent slopes, moderately eroded----------------------- 23 IIle-1 36 
1002 Мопопа 511% loam, 9 to 14 percent slopes, moderately eroded---------------------- 25 IIIe-2 37 
1022 Мопопа 511% loam, 14 to 20 percent slopes, moderately eroded--------------------- 24 Іуе-1 58 
T10B Monona silt loam, benches, 2 to 5 percent в1оре5--------------------------------- 24 IIe-2 35 
122 Napier silt loam, 5 to 9 percent slopes------------------------------------------ 24 IIIe-1 36 
14р Castana loam, 9 to 14 percent 5$1оре5--------------------------------------------- 11 IVe-2 39 
188 McPaul-Kennebec silt loams, 2 to 5 percent slopes-------------------------------- 22 Пе-1 55 
198  Kennebec-McPaul silt loams, 2 to 5 percent slopes-------------------------------- 20 IIe-1 55 
26 Kennebec silty clay loam, 0 to 2 percent slopes---------------------------------- 20 1-1 35 
288 Dickman fine sandy loam, 2 to 9 percent 51оре5----------------------------------- 15 IIIe-3 37 
3303 Steinauer clay loam, 9 to 14 percent slopes, severely eroded--------------------- 31 IVe-2 39 
33E3 Steinauer clay loam, 14 to 18 percent slopes, severely eroded-------------------- 31 VIe-1 39 
33F3 Steinauer clay loam, 18 to 30 percent slopes, severely eroded-------------------- 31 VIIe-1 40 
36 Salix silty clay loam, 0 to 2 percent 51о0ре5------------------------------------- 29 1-1 35 
66 Luton silty clay, 0 to 1 percent 51оре5------------------------------------------ 21 IIIw-1 38 
70 McPaul silt loam, 0 to 2 percent 51оре$------------------------------------------ 22 1-1 55 
91В Primghar silty clay loam, 2 to 5 percent в1оре5---------------------------------- 27 IIe-1 35 
1088 Wadena loam, 2 to 5 percent slopes----------------------------------.------------ 32 IIe-2 35 
11403 Ida-Wadena complex, 5 to 14 percent slopes, severely eroded---------------------- 19 IIIe-3 37 
116 Graceville silt loam, 0 to 2 percent 51оре5-------------------------------------- 16 1-1 35 
116B Graceville silt loam, 2 to 5 percent 51оре$-------------------------------------- 16 IIe-2 35 
133 Colo silty clay loam, 0 to 2 percent 61оре5-------------------------------------- 12 ІІм-1 36 
133+ Colo silt loam, calcareous overwash, 0 to 2 percent slopes----------------------- 12 IIw-1 36 
149 Modale silt loam, dark subsoil variant, 0 to 2 percent в10ре5-------------------- 22 I-1 35 
156 Albaton silty clay, 0 to 1 percent 51оре5---------------------------------------- 10 IIIw-1 38 
170D Napier-Castana silt loams, 9 to 14 percent 51оре5-------------------------------- 25 IIIe-2 37 
189 Omadi silt loam, 0 to 2 percent 51о0ре5------------------------------------------- 26 I-1 35 
212 Kennebec silt loam, 0 to 2 percent 51оре5---------------------------------------- 20 I-1 35 
2128 Kennebec silt loam, 2 to 5 percent 51оре5---------------------------------------- 20 ІІе-1 35 
C212 Kennebec silt loam, channeled, 0 to 2 percent 651оре5----------------------------- 20 Vw-1 39 
5108 Galva silty clay loam, 2 to 5 percent 51оре5------------------------------------- 13 IIe-2 35 
310C2 Galva silty clay loam, 5 to 9 percent slopes, moderately eroded------------------ 14 ИТе-1 36 
31002 Galva silty clay loam, 9 to 14 percent slopes, moderately eroded----------------- 14 IIIe-2 37 
T310 Galva silty clay loam, benches, 0 to 2 percent 51оре5---------------------------- 14 1-1 35 
T310B Galva silty clay loam, benches, 2 to 5 percent в1оре5---------------------------- 15 IIe-2 35 
31702 Galva-Wadena complex, 5 to 14 percent slopes, moderately eroded------------------ 15 IIIe-3 37 
378 | Rough broken 1апа---------------------------------------------------------------- 29 VIIe-1 40 
467 Radford silty clay loam, 0 to 2 percent 61оре5----------------------------------- 28 I-1 35 
467B Radford silty clay loam, 2 to 5 percent slopes----------------------------------- 28 IIe-1 35 
478 Steep rock 1апа------------------------------------------------------------------ 30 VIIe-1 40 
607 Salix silty clay loam, leached subsoil variant, 0 to 2 percent slopes------------ 30 I-1 35 


609 Omadi-Alluvial land complex, 0 to 2 percent slopes------------------------------- 26 Vw-1 39 


Capability unit 


Map 

symbol Mapping unit Page Symbol Page 
717C Napier-Gullied land complex, 2 to 10 percent slopes------------------------------ 25 

733 Calco silty clay loam, 0 to 2 percent в1оре5------------------------------------- 11 

983D Castana-Gullied land complex, 9 to 14 percent slopes----------------------------- 11 
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Accessibility Statement 


This document is not accessible by screen-reader software. The Natural 
Resources Conservation Service (NRCS) is committed to making its information 
accessible to all of its customers and employees. If you аге experiencing 
accessibility issues and need assistance, please contact our Helpdesk by phone at 
1-800-457-3642 or by e-mail at ServiceDesk-FTC @ftc.usda.gov. For assistance 
with publications that include maps, graphs, or similar forms of information, you 
may also wish to contact our State or local office. You can locate the correct office 
and phone number at http://offices.sc.egov.usda.gov/locator/app. 
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contact USDA’s TARGET Center at (202) 720-2600 (voice and TDD). To file a 
complaint of discrimination write to USDA, Director, Office of Civil Rights, 1400 
Independence Avenue, S.W., Washington, D.C. 20250-9410, or call (800) 795-3272 
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0. 5. DEPARTMENT OF AGRICULTURE 
SOIL CONSERVATION SERVICE 


IOWA AGRICULTURE AND HOME ECONOMICS EXPERIMENT STATION 
COOPERATIVE EXTENSION SERVICE, IOWA STATE UNIVERSITY 
DEPARTMENT OF SOIL CONSERVATION, STATE OF IOWA 


GENERAL SOIL MAP 


\ مخت‎ at 
7и al E m жүз D RE 
"d % LY ⁄ 2 SEBI ÈS Й 718) И 2 ; ЖҰ Z Uf ZA ES 1 0 1 ` z 3 4Miles 
т=з аша шшш О; ОО du 
%% 
ede — вито | | 


1807 
18 | 
4 


ТЫ i С Г 
3 MR А ји `  . 8 
%- 10, 


Pr 


VN 
Ө 


ow 
1 人 
۱ 


w __ x У 
K | 

SS 

- 求 = 

det 

SESS 

SS 


WN 


ICE 
۳ 
Le 


= 
ЕҢ 
> 


ri M y | 
u N 


ани! 


ER 
пена ~ 
AAN Owes 5 + 
АХ А 
! ی‎ N 
— с 


8 


= _ 
Te 1 — 
Z= 12, 2 2% 
9211.2 2 Ex { 
I я SEE 9 
6,, @ 7 E 7 \ | SOIL ASSOCIATIONS 
Ж Т ИЯ 7 — - 4 AJ = Z Е А Т a 
EN 7 eU _ 2 à тшш. 
2 Z МАЈ | 13 жаа”; ine 
E. б тои У ۲ (752 — __омгому | | |} m { 221 › | \da-Galva association: Gently sloping to very steep silty 
742,11; Ww aM, / 2722 % r” colts that are well dained 
тачи а э Ш С ЕСЕ | (| Еа он 
$ Z P ит? fs ri Е) ком 
б, ~ D) fA bd A di sc BA — 26 / Е [4] aperte eeu rl жоламау mr ا‎ very pe 
A ФФЕИЯФИЯЯЯТЫЙЫ NT 7 ITA © silty soils are well drained and somewhat excessively 
ФА 222 ЕИ ZW < || — 5 2” © | drained ú | | | 
饼 9 6 5 1 | ү тт 78 % 7 1 à Ic / Е 777 неее ت‎ Gently sloping to steep silty soils 
Me PERRY] BUDGE 一 SN А — tait d 
Ф, o. 8 y ai 147 Z Е Жаш | At ry НЕ Lun муа не раван ој зен | level to moderately sloping silty 
AD À jm E- ARDEN 
ЖҰ) 777 2| 
EE 


۳ 
FEE ET | Compiled 1974 
Г 


@ 8) А | 11 DE ^ - ШЕШ 
= 2m 2 2 22 ;Z/ZZ % 1 
LR — ЛИЦЕЕ С = 2 san | | ad. 
| WOODBURY | COUN m 
R. 48 W. R. 47 W. R. 46 W. R. 45 W. R. 44 ۷ R. 43 w. 


SECTIONALIZED 
TOWNSHIP 


Each area outlined on this map consists of 
more than one kind of soil. The map is thus 


meant for general planning rather than a basis | 
for decisions on the use of specific tracts. 
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WORKS AND STRUCTURES 
BOUNDARIES SOIL SURVEY DATA SOIL LEGEND 


Highways and roads Soil boundary 


Divided تسس‎ Symbols consist of numbers ог a combination of numbers and letters; for example 3F, 46, 156, and 3108. 
The 1, 2 or 3 digit number designates the kind of soil or land type. А capital letter В, С, 0, E, F, or G 
following а number indicates the class of slope. Symbols without a slope letter аге those of nearly level 
Minor civil division soils or they аге for land types with a considerable range of slope. А final number 2 or 3 in the symbol 
indicates that the soil is moderately eroded or severely eroded respectively. The capital С or T used as 
a prefix indicates a channeled phase or a bench phase respectively. А “+? at the end of the symbol 
indicates an overwashed soil. 


Reservation 


Land grant 


| YMB 
Highway markers Small park, cemetery, airport. ... SYMBOL NAME 


183 Ida silt loam, 2 to 5 percent slopes, severely eroded 
National Interstate Land survey division corners ... Chert fragments 1C3 1da silt loam, 5 to 9 percent slopes, severely eroded 
1D3 1da silt loam, 9 to 14 percent slopes, severely eroded 
ЛЕЗ Ida silt loam, 14 to 20 percent slopes, severely eroded 
Clay spot 1F3 Ida silt loam, 20 to 30 percent slopes, severely eroded 


State or county Sand spot 1G3 Ida silt loam, 30 to 40 percent slopes, severely eroded 
» 2G Hamburg silt loam, 30 to 75 percent slopes 
Railroads Streams, double-line Gumbo or scabby spot P А јен 
1062 Мопопа silt loam, 5 to 9 percent slopes, moderately eroded 
Single track 
10D2 Monona silt loam, 9 to 14 percent slopes, moderately eroded 
10E2 Monona silt toam, 14 to 20 percent slopes, moderately eroded 
T10B Monona silt loam, benches, 2 to 5 percent slopes 
. . 120 Napier silt loam, 5 to 9 percent slopes 
Abandoned Streams, single-line : 140 Castana loam, 9 to 14 percent slopes 


Multiple track 


18B McPaul-Kennebec silt foams, 2 to 5 percent slopes 
198 Kennebec-McPaul silt loams, 2 to 5 percent Slopes 
. 26 Kennebec silty clay loam, 0 to 2 percent slopes 
intermittent . L. F. 28B Dickman fine sandy loam, 2 to 9 percent slopes 
Crossable with tillage 33D3 Steinauer clay loam, 9 to 14 percent slopes, severely eroded 


implements А ñ 33E3 Steinauer clay loam, 14 to 18 percent slopes, severely eroded 
Not crossable with tillage 33F3 Steinauer clay loam, 18 to 30 percent slopes, severely eroded 
implements Uv vt 36 Salix silty clay loam, 0 to 2 percent slopes 

66 Luton silty clay, 0 to 1 percent slopes 


Unclassified . m UU Limestone bedrock within 70 McPaul sift loam, 0 to 2 percent slopes 


. -一 20 to 40 inches Primghar silty clay loam, 2 to 5 percent slopes 
Canals and ditches . Е . Wadena loam, 2 to 5 percent slopes 
Ida-Wadena complex, 5 to 14 percent slopes, severely eroded 
Lakes and ponds Graceville silt loam, 0 to 2 percent slopes 
Graceville silt loam, 2 to 5 percent slopes 


Perennial 


Colo silty clay loam, 0 to 2 percent slopes 

Colo sitt loam, calcareous overwash, 0 to 2 percent slopes 
Modale silt loam, dark subsoil variant, 0 to 2 percent slopes 
Albaton silty clay, 0 to 1 percent slopes 

Napier-Castana silt loams, 9 to 14 percent slopes 


Omadi silt loam, 0 to 2 percent slopes 

Kennebec silt loam, 0 to 2 percent slopes 

Kennebec silt toam, 2 to 5 percent slopes 

Kennebec sift loam, channeled, 0 to 2 percent slopes 
Galva silty clay loam, 2 to 5 percent slopes 


Drainage end or alluvial fan  ... . ` Galva silty clay loam, 5 to 9 percent slopes, moderately eroded 
Galva silty clay loam, 9 to 14 percent slopes, moderately eroded 
Galva silty clay loam, benches, 0 to 2 percent slopes 
Galva silty clay loam, benches, 2 to 5 percent slopes 
Galva-Wadena complex, 5 to 14 percent slopes, moderately eroded 


Gravel pit 


Power line RELIEF 


Rough broken land 
Radford silty clay loam, 0 to 2 percent slopes 
Escarpments Radford silty clay loam, 2 to 5 percent slopes 
Steep rock land 
Bedrock МУУУУУУУУУУУУУУУУҰУУ Salix silty clay loam, leached subsoil variant, 0 to 2 percent slopes 


Omadi-Alluviat tand complex, 0 to 2 percent slopes 
Napier-Gullied land complex, 2 to 10 percent slopes 
Calco silty clay loam, 0 to 2 percent slopes 

Short steep slope m Castana-Gullied land complex, 9 to 14 percent slopes 


өтем тете" 


Рготіпепі реак 


Well, oil or gas Depressions 


| Crossable with tillage м, 
Forest fire or lookout station ... implements ° дем 


Not crossable with tillage (> 
Sewage lagoon .L. implements чыў 


Contains water most of ZZ, 
Sewage treatment plant Т.Р. the time “АУ 
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